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Can We Talk?! 


“Publish or perish” is a well-known 
cliché which nevertheless aptly 
describes one of the laws of survival 
in scientific circles. By analogy 
“communicate or capitulate” ought 
to be a credo adopted by those 
research organizations hoping to 
make science influential in environ- 
mental decision making. _ It is cer- 
tainly a lesson we are learning at 
the National Water Research 
Institute (NWRI). As an integral part 
of Environment Canada our job is to 
create and communicate the 
knowledge and expertise needed to 
help the department formulate and 
implement wise environment poli- 
cies. Todo this successfully we 
have learned that effective commu- 
nication is essential between the 
Institute and its important constitu- 
encies: the public (through the 
media and interested citizens); the 
science and technology community 
in government, universities and the 
private sector; and policy makers, 
regulators and resource managers 
within government. This publica- 
tion, “NWRI Digest”, is our way of 
reaching this broad audience with 
an overview of our activities. 
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Our goal for the Digest is quite mod- 
est. We want to let the people 
who are important to us know what 
we are doing on a regular basis and 
in plain language. By doing this 
we hope to stimulate dialogue and 
collaboration which, in turn, will help 
ensure that we are doing the right 
research and making it count in 
decision making. 


The format for this inaugural issue 
changed daily right up to press 
time. Undoubtedly the look and 
content of the Digest will continue to 
evolve in succeeding issues as we 
experiment and get feedback. 
Certain things, however, will not 
change. _ It will always be inexpen- 
sively produced as we want to 
reach a large audience on a regular 
basis, and our resources 
are limited. For the same 
reasons it will always. be 
relatively brief and to the 
point. As currently envi- 
sioned the Digest will 
include: brief information 
items on NWRI activities 
and achievements; a 
section devoted to the ex- 
pressions of ideas or points 
of view on topics related to 
the conduct or management 
of water research; a review 
of the background behind a 
few of the NWRI activities 
which caught the attention 
of the press and the public 
over the last few months; 
and an overview of two of 
our major research projects. 


A small but enthusiastic 
team of NWRI staff is 
responsible for developing 
the concept of the Digest 
and writing, editing, produc- 
ing, and distributing the 
product. They all have 
other jobs to do and de- 
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serve a lot of credit for the extra 
effort they have given to see this 
first issue published. | amim- 
pressed with what they have 
achieved, but the important opinions 
are those of the readers and | know 
that staff will welcome feedback. 

| hope the Digest will stimulate 
effective dialogue. 


D.L. Egar, 
Executive Director 


The Canada Centre for Inland Waters, home of the National 
Water Research Institute 
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Lake Restoration 
in Western 
Canada 


Two innovative regional studies of lake 
restoration techniques are under way in 
Alberta and British Columbia under the 
leadership of Dr. T.P. Murphy of the Lakes 
Research Branch's Lake Restoration 
Project. These are collaborative studies with 
several private consulting firms, provincial 
government agencies, and a university. 
Major funding has been provided through 
the Unsolicited Proposals Fund of Supply 
and Services Canada. 


The method being used in the Alberta study 
is an extension of a lime addition technique 
developed by Dr. Murphy for suppressing 
algal blooms. Hydro Qual Consultants of 
Calgary and Dr. E. Prepas of the University 
of Alberta are testing the utility of this 
technique as a replacement for copper 
sulfate treatment in farm dugouts in Alberta's 
Peace River country. Copper sulfate 
usage in the past has created toxicity prob- 
lems both for livestock and aquatic biota. 


Lime addition does two things: _ it immobi- 
lizes some of the toxic copper in the 
sediments while at the same time precipitat- 
ing phosphate, the nutrient which causes the 
nuisance algal blooms. The project is 
partially funded by the Alberta Ministry of 
Agriculture. 


The British Columbia study is a field 
evaluation of a novel restoration technique 
which involves the trapping of nutrient-rich 
sediments in relatively small holes dredged 
in sediment accumulation zones in shallow 
lakes or reservoirs. In Chain Lake, near 
Princeton, B.C., SciTech Consultants of 
West Vancouver are investigating the 
efficiency of a small one-hectare hole, 3-m 
deep, for trapping nutrient-rich sediments 
deposited each year. If the “traps” prove to 
be efficient, sediments can then be treated 
or removed in a more cost-efficient manner 
and permanent lake rehabilitation may then 
result. The dredging has begun and the 
experiment will take place in the summer 
1988. Funding support is being given by 
the Regional District of Okanagan- 
Similkameen and the B.C. Ministry of 
Environment and Parks. 
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Assessing 
Toxicology of 
New Chemicals 


One of the major tools of environmental 
toxicology is Quantitative Structure/Activity 
Relationships which permit the rapid 
assessment of the environmental and toxico- 
logical impact of new compounds being 
produced by chemical industries. The rate 
of introduction of chemical compounds 
exceeds the rate at which their individual 
impacts can be assessed. _ By establishing 
relationships between molecular structure, 
physiological effects, and transport phenom- 
ena, the potential impact can be predicted to 
a sufficient degree to allow the ranking of 
chemicals for further detailed evaluation. 
This process permits the efficient use of the 
impact assessment capabilities within gov- 
ernment and industry. 


Important recent advances in this field have 
just been published under the editorship of 
Dr. K.L.E. Kaiser, Lakes Research 
Branch. The 31-chapter volume deals with 
acute and sublethal toxicity, bioconcentra- 
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tion, biodegradation, and environmental fate 
of aliphatic, aromatic, heterocyclic, and 
organometalic compounds. The effects of 
various chemicals on species of mammals, 
fish, zooplankton, phytoplankton, bacteria, 
and insects are also discussed. 


Reference: QSAR in Environmental Toxicology— 
Il. Edited by K.L.E. Kaiser, D. Reidel Publishing 
Co., Dordrecht, The Netherlands, 465 pp. 


Quality Assurance 
and Rain Data 


NWRI is responsible for ensuring that water 
chemistry data generated for Environment 
Canada by any laboratory are of good and 
comparable quality. A new assignment for 
the Quality Assurance (QA) Project of the 
Research and Applications Branch is to 
evaluate the quality and comparability of 
data collected in four large precipitation 
networks over the next two years by the 
Atmospheric Environment Service (AES), 
Ontario Ministry of Environment (MOE), the 


Lampricide Safety 
Assessed 


Since the use of 3-trifluoromethyl-4- 
nitrophenol (TFM) as a lampricide began in 
1958, the Canada-U.S. Great Lakes Fishery 
Commission (GLFC) have used more than 
1500 tons of this chemical to kill juvenile 
stages of the sea lamprey in Great Lakes 
tributaries. In support of this program, the 
GLFC and the Department of Fisheries and 
Oceans requested and funded past NWRI 
research into the persistence and fate of 
TFM in Great Lakes waters. The NWRI 
research, led by Dr. J.H. Carey, Chief of the 
Nutrient-Contaminant Project, Lakes Re- 
search Branch, showed that TFM degraded 
rapidly in the environment. Recently, 
however, there have been concerns raised 
about the presence of a previously unde- 
tected impurity in the carrier used in the TFM 
formulation. This impurity is N-methyl 
formamide (MMF), a toxic chemical with 
embryotoxic and teratogenic properties. 
NWRI scientists determined that the concen- 
tration of MMF in TFM formulations ranged 
between 0.0001 and 0.009 percent, which 
suggests that less than 150 kg have been 
released over the 20 years of lampricide 
treatments. From the literature on MMF 
toxicity, it appears that this level of release is 
unlikely to cause adverse effects to human 
and wildlife health. 


Reference: Carey, J.H. and J.H. Hart (1987). 
Concentration of N-methylformamide (MMF) in for- 
mulations of lampricide 3-trifluoromethyl-4- 
nitrophenol (TFM). NWRI Contribution 87-85. 


U.S. Environmental Protection Agency 
(EPA) and the U.S. Electric Power Research 
Institute. 


The data will be used to validate the Acid 
Deposition and Oxidant Model which is 
being developed by AES in cooperation with 
MOE, the Federal Republic of Germany, 
and, more recently, the U.S. Electric Power 
Research Institute. This model and another 
U.S. one are the most advanced and 
comprehensive Eulerian models for 
predicting the long range movement of at- 
mospheric pollutants, but there is a consen- 
sus that the model needs to be evaluated by 
comparison with field observations. 
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Mirex in St. 
Lawrence Belugas 


The blubber of Beluga whales in the St. 
Lawrence River estuary contains a variety of 
toxic organic chemicals. The presence of 
mirex, a banned insectide, is noteworthy 
because there are no known sources in 
Canada. The St. Lawrence mirex probably 
came from Lake Ontario, which was con- 
taminated with mirex manufactured in New 
York State in the 1960s, together with small- 
scale leakage from U.S. landfill sites in the 
Niagara frontier. Two transport mechanisms 
for delivering mirex to the St. Lawrence 
River estuary have recently been reported 
by Dr. K. R. Lum, Rivers Research Branch. 
One mechanism is transport on particles 
leaving Lake Ontario. The other mecha- 
nism, surprisingly enough, is transport in the 
bodies of migrating adult eels. The 
analysis showed that almost two-thirds of 
the annual mirex load (4.6 kg) was trans- 
ported by eels. The link, however, between 
the present day input of mirex to the estuary 
and the accumulated concentrations of 
mirex in the whales has not yet been 
established. While mirex export from Lake 
Ontario is probably decreasing, it will 
continue at reduced rates for decades, 
because the rate of permanent burial of 
mirex into the sediments of Lake Ontario is 
slow. The fate and effects of contaminants 
that behave like mirex will be the object of 
intensive research over the next decade at 
NWRI. 


Reference: Lum, K.R., K.L.E. Kaiser and M.E. 
Comba (1987). Export of mirex from Lake Ontario 
to the St.Lawrence estuary. The Science of the 
Total Environment 67: 41-51. 
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International 
Research Advice 


Dr. C.R. Murthy, Lakes Research Branch, 
recently provided four days of seminars in 
physical limnology at the Institute of Limnol- 
ogy in Nanjing, China. The seminars, 
simultaneously translated into Mandarin, 
covered coastal circulation processes, 
turbulent diffusion, and numerical modelling, 
using examples of NWRI applications from 
the Great Lakes. Thirty limnologists and 
oceanographers were invited from other 
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Marketing the Hydraulics Lab 


As noted later in the Research Focus 
section, NWRI maintains within its Research 
and Application Branch an extensive 
laboratory to support its research in 
hydraulics, fluid mechanics, and the 
hydrologic, geophysic and geological 
processes of inland waters. The laboratory 
also provides an instrument calibration 
service used primarily by Environment 
Canada’s Water Resources Branch and 
other government agencies. Historically, 
outside users have taken advantage of the 
specialized equipment and services, when 
available, on a cost recovery basis, but the 
Institute has not actively marketed the labo- 
ratory. Recently, however, the Research 
and Applications Branch hired the consulting 
firm of Stevenson Kellogg Ernst and 
Whinney to develop a strategy for maximiz- 
ing the use of the lab. 


In the first phase of their study, the consult- 
ants conducted an internal review of the 
laboratory operations to establish the pre- 
sent marketable capacity. They found that 
this varies widely depending on the piece of 
equipment under consideration, but that, in 
general, enough capacity was available to 
make marketing efforts worthwhile. In phase 
two, the consultants interviewed about 40 
past and present users to ideniiy the 
potential market. Consulting engineers 
appear to be the largest group of users, 
while the greatest interest was shown in the 
laboratory's physical modelling capabili- 
ties. Phase three of the study drew on 
theses findings and provides NWRI with 
recommendations for marketing and 
administration of the available capacity of 
the Hydraulics Laboratory. 


ST TES 


Innovation in Ultra-Trace Analysis 


Many contaminants are present in the 
environment at such low levels that they 
cannot be measured reliably with conven- 
tional methods. Scientists have approached 
this problem by adding a “preconcentration” 
step. An extractor apparatus, developed by 
the late Dr. P.D. Goulden of the Research 
and Applications Branch, can sample up to 
several hundred litres of water and greatly 
concentrate organic compounds found in 
water at ultra-trace levels. The Goulden 


institutes in the Chinese Academy of 
Sciences. Research advice was also 
provided on the design of a program on the 
physics of Lake Tai, a large, shallow lake in 
the Yangtze River with physical dynamics 
similar to that of Lake St. Clair and the St. 
Lawrence riverine lakes downstream of 
Montreal. Future collaboration between 
NWRI and the Nanjing Institute is possible. 


Dr. S. Beltaos of the Rivers Research 
Branch recently visited Finland at the invi- 
tation of the Finnish Academy of Sciences to 
give several lectures on river ice research. 
Dr. Beltaos gave the opening presentation to 
the Nordic River Ice Meeting, discussing 


large-sample extractor is currently being 
used to monitor organic contaminants for the 
important Niagara River Toxic Monitoring 
Program. 


Recently the extractor was evaluated by the 
U.S. Environmental Protection Agency 
(EPA) in a comparative study of preconcen- 
tration techniques. Pending the outcome of 
the study, the EPA may adopt the apparatus 
for their standard operations in 1988. 


FF NEWS 


new developments in North American river 
ice research. He also lectured on ice jam 
processes and the hydraulics of ice-covered 
rivers at the University of Helsinki, the 
Finnish Geophysical Society, and the 
Technical University of Helsinki. 


A.S.Y. Chau, Research and Applications 
Branch, was chosen as one of 15 interna- 
tional experts to provide technical advice to 
the Western Australian Institute of Technol- 
ogy on the development of the Australian 
national manual, “Analytical Quality 
Assurance in the Marine Quality Assessment 
Programme”. 
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Science Exchange with 
New Zealand 


M.E. Fox, an organic chemist in the Lakes 
Research Branch, recently completed a one- 
year professional development leave at the 
Water Quality Centre (WQC) in Hamilton, 
New Zealand. In exchange, D. Jensen, a 
chemical technologist from WQC spent one 
year at NWRI learning advanced analytical 
methods for trace organics and assisting 
with field and laboratory studies. WQC is an 
applied research centre of the government 
of New Zealand with considerable expertise 
in inorganic, physical, biological, and nutrient 
studies. 


Mr. Fox undertook the task of expanding 
WCQC research in the field of persistent 
organic contaminants. He examined the fate 
of the pesticide 2,4,5-T, applied at very high 
rates to a hill country basin. Negligible 
losses to streams draining the area were 
found, even under adverse conditions. 

The resultant knowledge of chlorophenoxy 
herbicide breakdown has international 
applicability in agricultural settings. Other 
studies resulted in a better method for 
estimating lake sedimentation rates and new 
information of organochlorine contamination 
in one of New Zealand major marine 
harbors. The presence of chlordane, 
previously unreported in the New Zealand 
environment, received wide media coverage 
and prompted a reassessment of the 
industrial use of pesticides in New Zealand. 


Urban Drainage and 
UNESCO 


The first volume of a UNESCO manual on 
urban drainage, coauthored by J. Marsalek, 
has recently been published. UNESCO 
established a working group of eight interna- 
tional experts on urban hydrology to prepare 
a comprehensive manual on advanced 
approaches to urban drainage, with special 
attention to situations in developing 
countries. Mr. Marsalek, as a member of the 
editorial board, prepared the final text. The 
objectives of the manual are to advance 
understanding of the complex interactions 
between urban drainage and other facets of 
urban water resources, and to aid planning, 
design and implementation of drainage 
projects. 


Reference: Geiger, W.F., J. Marsalek, W.J. Rawls 
and F.C. Zuidema (1987). Studies and reports in 
hydrology. No. 43, UNESCO Press, Paris. 
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Staff 
Honored 


In recognition of his noteworthy contribution 
to environmental science in the Great 
Lakes, Dr. Y.K. Chau of the Rivers 
Research Branch has been selected by the 
International Joint Commission (lJC) for the 
“Eminent Scientists of the Great Lakes” 
award. Over 90 of Dr. Chau’s publications 
have been bound in a special volume by the 
JC. His influential research in the Great 
Lakes has been concerned with the fate, 
pathways, transformation, and speciation of 
metals and organometallic compounds. 


The American Society of Testing and 
Materials (ASTM), the prestigious interna- 
tional standards association, has granted 
B.J. Dutka, Rivers Research Branch, an 
award of merit and made him a Fellow of the 
Society in recognition of his leadership in the 
establishment of water microbiology working 
groups within ASTM. 


Dr. J.O. Nriagu, Lakes Research Branch, 
received his Doctor of Science degree in 
November 1987 from Ibadan University of 
Nigeria. This degree of merit was awarded 
to Dr. Nriagu for his significant contributions 
in the field of environmental geochemistry. 
Ibadan University is the oldest and most 
prestigious university of Nigeria. Dr. Nriagu 
also received the Frank Rigler Award and 
was invited to give the Frank Rigler 
Memorial Lecture at the Annual Meeting of 
the Canadian Society of Limnologists in 
January 1988. His presentation was on trace 
metal research in Canadian Freshwaters. 


ltwas with great sadness that we learned 
of the untimely death of Dr. Peter D. 
Goulden, November 22, 1987. During his 
outstanding career, Dr. Goulden made | 
many valuable contributions to analytical 
chemistry research and his achieve- 
ments and reputation have been recog- 
nized worldwide. Examples of his impact 
on environmental analytical chemistry 
include his book “Environmental Pollu- 
tion Analysis” and his contributions to the 
Water Quality Branch Analytical Meth- 
ods Manual and the Analytical Protocol 
for Monitoring Ambient Water Quality of 
the Niagara River. Dr. Goulden’s recent 
s work on liquid-liquid extraction and his 
development of the large volume extrac- 
tor for trace analysis of environmental 
samples are undoubtedly the highlights 
ofhis career. He is survived by his wife 
Heather, four sons and a daughter. 


New Scientist Joins 
Staff 


We welcome Dr. A. Crowe to the Ground- 
water Contamination Project, Rivers 
Research Branch. Dr. Crowe recently 
completed his Ph.D. at the University of 
Alberta, where he developed computer 
models to simulate the transport of 
dissolved materials and the geochemical 
reactions that cause minerals to dissolve or 
precipitate in deep sedimentary basins. 

Dr. Crowe’s research focus at NWRI will be 
the development of computer techniques to 
study groundwater pollution. One of his first 
priorities will be to model the movement 
and degradation of toxic chemicals beneath 
the Gloucester landfill (near Ottawa) and 
the resulting impact on potable water 
supplies. 


Visiting Scientist from 
the People’s Republic 
of China 


Professor Tian Shizhong from the Depart- 
ment of Environmental Science of Wuhan 
University, China, will be a guest scientist 
at NWRI until September 1988. He is 
collaborating with Drs. Y.K. Chau and 
D.L.S. Liu of the Rivers Resarch Branch on 
the degradation of organotin compounds in 
rivers. 


The NWRI Vollenweider 
Lectureship 


We are pleased to announce the establish- 
ment of the annual Vollenweider Lectureship 
in Aquatic Sciences, an honorary award 
granted annually to an eminent, international 
freshwater scientist in recognition of his or 
her global contribution to the advancement 
of the aquatic sciences. 


The lectureship is named in honor of Dr. 
Richard A. Vollenweider, D.Sc., H.C., Tyler 
Laureate, Senior Scientist at NWRI, and 
Professor of Biology at McMaster University, 
on the occasion of his retirement from the 
Public Service of Canada late in 1988. 


The recipient of the inaugural 1988 
Vollenweider Lectureship is Professor 

Curt Forsberg, Director of the Institute of 
Limnology, University of Uppsala, Sweden. 
Professor Forsberg was chosen in recogni- 
tion of his research achievements in eutro- 
phication abatement, his pioneering work on 
the recovery of acidified lakes, and his 
leadership excellence in Scandinavian 
limnology. He will present the Vollenweider 
lecture at the Canada Centre for Inland 
Waters, Burlington, in early June. Visitors 
are welcome to attend. 
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Algoma Research 
Enhances Case for 
Accord to Fight 
Acid Rain 

(The Sault Star, 
Sept. 16, 1987) 


Research from Algoma lakes is 
strengthening Canada’s argument 
for an acid-rain accord with the 
United States. 


Lakes can and do recover in a 
matter of years when emissions are 
reduced, says Dean Jeffries, a 
research scientist with the National 
Water Research Institute in 
Burlington. 


The encouraging results of this NWRI 
research attracted widespread media 
attention including The Globe and Mail, the 
Finnish national newspaper, and U.S. News 
and World Report. Additional coverage will 
soon appear in Equinox magazine andina 
televised Christian Science Monitor 
documentary. 


The NWRI research team is headed by Dr. 
D. Jeffries, Rivers Research Branch, in 
collaboration with several other government 
agencies. They have found evidence that 
reduced emissions of sulfate can lead to 
improved water quality. Records of acidic 
deposition in Algoma region, north of Sault 
Ste. Marie, show that sulfate reached a 
maximum in 1979. This was followed by a 
steep decline in 1980 and 1981, primarily 
due to low levels of precipitation, but also 
due to reduced emissions of sulfur-bearing 
pollutants in North America during the 
economic recession of the time. Between 
1982 and 1985 sulfate deposition fluctuated 
between the maximum of 1979 and the 
minimum of 1980. Mean lake concentra- 
tions of hydrogen ion and sulfate declined 
sharply between 1979 and 1982 but fell only 
slightly between 1982 and 1985. Corre- 
spondingly, mean pH increased by 0.35 
units in the first 3-year interval but increased 
only 0.07 units in the second interval. 


Researchers were also encouraged by the 


return of fish to some of the study lakes over 
the period. In 1979, 7 of the 54 lakes 


NWAI Digest 


sampled had very low pH values (4.6 to 5) 
and fish were found in only 1 of the 7 lakes. 
By 1985 the pH in these lakes had increased 
(ranging between 5.4 to 6.3) and 2 more 
lakes had developed white sucker popula- 
tions. It appears that fish migrated from less 
affected downstream waters into these 
headwater lakes when pH neared 5.5. 


This study adds to a growing body of 
information from Ontario (Sudbury), Nova 
Scotia, the U.S., and Sweden that links 
reductions in sulfate deposition to improved 
water quality (i.e. reduced acidity). It 
supports the continuing efforts to negotiate 
reduction of sulfur emissions throughout 
North America in order to achieve the 
needed decrease in deposition. 


Oxygen to Resuscitate 
Hamilton Harbour 

The Globe and Mail, 
(July 22, 1987) 


Workmen lowered an artificial lung 
into Hamilton Harbour yesterday in 
an effort to breathe life back into 
some of the most polluted waters in 
Canada. 


This pilot-scale oxygen injection system was 
designed by Dr. T.P. Murphy of the Lakes 
Research Branch, with the assistance of 
engineers from Linde Ltd., a compressed 
gas supplier. “Artificial lung” is descriptive 


of the three diffuser grids made up of a 


special plastic tubing which is porous to 
oxygen under pressure. The grids were 
placed near the bottom in the western end of 
Hamilton Harbour. The oxygen was supplied 
by a liquid oxygen tank, similar to installa- 
tions seen outside hospitals. 


The pilot-scale test was designed to see if 
the efficiency of dissolving oxygen in the 
harbour could approach that seen in the 
laboratory. The efficiency, which ap- 
proached 90 percent in the harbour, has a 
direct effect on the economics of the 
application of this technique. Such high 
efficiencies bode well for the practicality of 
the method. 


Although data analysis is incomplete, initial 
observations at the pilot site last summer 
indicate the area around the diffusers also 
becomes a desirable fish habitat. For 
instance, cormorants were observed feeding 
on emerald shiners schooling near the 
diffusers. Treatment of the whole harbour 
with oxygen is one of the several restoration 
techniques being evaluated by a multi- 
agency group currently developing a 
remedial action plan for the harbour. 


A device for diffusing oxygen is lowered into Hamilton Harbour 
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RESEARCH FOCUS 


The 
Contaminants 
Project 


It has been estimated that there are over 

70 000 industrial chemicals in common use 
worldwide. Some of these pose a threat to 
human health or the environment (e.g. lead, 
mercury, chlorofluorocarbons), but many 
have not been subjected to proper hazard 
assessment. In addition, there are many 
other potentially harmful chemicals released 
to the environment, such as products of 
incomplete combustion (e.g. polynuclear 
aromatic hydrocarbons and some dioxins) 
and pesticides, about 500 of which are 
registered for use in Canada. The broad 
objective of the Contaminants Project within 
the Rivers Research Branch is to develop 
new knowledge for use by Environment 
Canada in assessing the hazard posed by 
toxic chemicals released to Canadian rivers. 


Hazard to organisms in water or sediment is 
a function of the concentration, toxicity and 
persistence of the toxic chemical. Past 
research in the project has dealt mainly with 
the chemical aspects of hazard determina- 
tion—from the development of analytical 
methods to determinations of occurrence 
and persistence in aquatic environments. 
More recently, research has focused on the 
use of biological indicators of chemical 
contamination. Future research will concen- 
trate on the determination of the effects of 
toxic substances on aquatic communities 
and ecosystems. 


Priority topics for research are chosen in 
response to a variety of concerns. There 
may be knowledge gaps in the literature on 
a particular chemical or process, e.g. 
mobilization of metals through methylation. 
Chemicals may already be identified in 
priority lists for risk assessment (e.g. the 
Pest Control Products Act), or there may be 
regional concerns about the heavy use of a 
chemical in a particular area. 


An example of the environmental value of 
contaminant research is our work on 
tributyltin (TBT). TBT is an antifouling agent, 
perhaps the most acutely toxic chemical to 
aquatic organisms which has ever been 
deliberately introduced to water. In 1979, 
Environment Canada placed organotin com- 
pounds on the Environmental Contaminants 
Act, Category Ill list, which meant that 
further information was required on 
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occurrence, persistence and toxicity before 
environmental and human health hazard 
assessments could be made. Work done at 
NWRI was the first anywhere in the world 
on the occurrence of TBT in water, 
sediment and fish, and on the chemical and 
biological degradation and persistence of 
TBT in water and sediments. TBT was 
found to be moderately persistent in 
Canadian waters and present in many loca- 
tions in Canada at concentrations which 
could cause chronic toxic effects in sensitive 
organisms. These results were communi- 
cated to Agriculture Canada, which 
administers the Pest Control Products Act. 
On October 26, 1987, Agriculture Canada 
gave public notice of a limited ban on the 
use of TBT-containing antifouling paints. 
This ban, plus restrictions on the use of TBT 
in aquaculture, will help Canada avoid the 
unfortunate experience of smaller countries 
with large concentrations of TBT-painted 
boats close to vulnerable fisheries. 


The current studies which comprise the 
project are focused on resolving selected 
knowledge gaps concerning the occurrence, 
peristence, and toxicity of priority contami- 
nants. Some highlights follow. 


Concentration 
(Occurrence) 


Tetraethyllead is a toxic chemical used 
primarily as an antiknock additive in 
gasoline. In Canada, tetraethyllead has 
been produced at two locations; one on the 
St. Clair River downstream of Sarnia, and 
the other (where production ceased in 1986) 
on the St. Lawrence River at Maitland. 
Methods of analysis have been developed 
for tetraethyllead (and its dealkylated 
products) in water, sediment and fish, and 
the occurrence of these compounds 
downstream of the two plants has been 
documented. Triethyllead, in particular, is 
very toxic to fish. This work is being 
extended to investigate the biological 
availability of the alkyllead compounds in 
water and sediment using clams as the 
indicator organism. 


Work has recently started on the determina- 
tion of the aquatic occurrence, persistence 
and fate of pesticides and industrial 
chemicals (mainly dyestuffs and aromatic 
amines) in the Yamaska River in Quebec. 
The Yamaska River is in the Eastern 
Townships, the heart of Canada’s textile 


industry, and receives about a quarter of all 
pesticides used in agriculture in Quebec. 
The first stage of this study will determine the 
occurrence of toxic chemicals in water, sedi- 
ment and fish. 


The Yamaska is also the site for research on 
biomonitoring techniques to assess bioac- 
cumulation and toxic effects of contaminants. 
Mussels are known to be excellent biomoni- 
tors from the standpoint of bioaccumulation, 
but their considerable potential for use in 
ecotoxicology remains largely untapped. 
Mussels are particularly suitable for both 
types of monitoring since they concentrate 
and retain a wide range of contaminants, are 
widely distributed, are easy to identify and 
age, and are amenable to experimental 
caging studies. The suitability of mussels as 
biomonitors for pesticides in the Yamaska 
River is currently being evaluated. 


Persistence 


An important pathway of degradation of 
many organic contaminants in aquatic 
ecosystems is microbial decomposition. 

The techniques used in evaluating the biode- 
gradability of organic substrates vary greatly 
in effectiveness because of complicating 
phenomena in pure and mixed cultures, such 
as co-metabolism and the induction of 
different routes of enzymatic degradation 
through changes in such factors as nutrient 
status, temperature, pH, and oxidation- 
reduction potential. A so-called fermentor 
technique developed earlier at NWRI has 
proven to be a useful tool in assessing the 
biodegradation potential of organic chemicals 
in aquatic ecosystems. Presently the 
biodegradation of pentachlorophenol and 
other phenols is being studied, as well as 
tetraethyllead. This work will be shortly 
extended for use in assessments of bio- 
degradation potential in laboratory-scale, 
model streams. 


The persistence and fate of the pyrethroid 
insecticide, deltamethrin, sprayed on a 
stream and pond in Prince Edward Island, is 
also being studied. Preliminary results 
indicate very rapid disappearance from 
water, with half-lives of about five minutes for 
the surface microlayer and one hour for 
subsurface water. Non-toxic stereoisomers 
of deltamethrin have been identified, as well 
as products of hydrolysis and oxidation. 
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The Contaminants Project 
(continued) 


Toxicity 


The “health” of benthic invertebrate commu- 
nities may be an effective indicator of 
contamination in rivers. An assessment is 
currently being made of the benthic inverte- 
brate communities in several reaches of the 
Yamaska River for correlation with chemical 
analyses. Benthic community surveys do, 
however, lack the specificity afforded by the 
study of a species’ biochemical response to 
toxicants. For example, the free amino acid 
content of an organism is thought to vary 
with degree of stress. Amino acid concen- 
trations are thus being measured in inverte- 
brates at several sites in the Yamaska River 
in an effort to determine correlations 
between biochemically indicated stress and 
chemical contamination at a particular 
location. Further work is planned on the 
development of methods to assess the 
toxicity of pesticides to stream invertebrates 
and to determine the effects of particulate 
and dissolved organic matter. This will 
include the development of bioassay tech- 
niques for filter-feeding organisms which live 
in fast-flowing water, and may include the 
construction of artificial stream microcosms 
or mesocosms for more detailed work on the 
effects of agricultural runoff on rivers and 
streams. 


Project Chief: R.J. Maguire 
Study leaders: Y.K. Chau, K.E. Day, 
D.L.S. Liu, K.R. Lum, J.L. Metcalfe. 


Recent Publications 
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Hemphill, pp. 466-472. 


NWAI Digest 


The Hydraulics 
Project 


The physical dynamics of water and its 
interaction with air, sediments, shores, and 
man-made structures are the focus of the 
Hydraulics Project, Research and Applica- 
tions Branch. Research studies on wave 
mechanics, river flow and sediment transport 
provide new scientific knowledge for use by 
water resource managers and engineers. 


A current focus of the project is a major 
study on wave mechanics in collaboration 
with scientists from Finland and several 
American institutions (the Woods Hole 
Oceanographic Institution, U.S. Naval 
Research Laboratory, U.S. Naval Environ- 
mental Prediction Research Facility, and the 
Finnish Institute of Marine Research). This 
team, led by Dr. M. A. Donelan, has col- 
lected and analysed three years of field 
measurements on the behavior, dynamics 
and effects of deep-water wave breaking. 
The data, when interpretation is complete, 
will lead to improved predictions of the 
dispersion of pollution spills in lakes and 
oceans, assist in design and operation of off- 
shore petroleum exploration equipment, and 
help to improve the accuracy of weather and 
climate predictions. 


WAVES platform, fully operational, 


The experimental site for the waves 
research is NWRI's unique research tower 
located in 12 m of water in Lake Ontario, 
one km offshore of Hamilton. An array of 
over 50 environmental instruments are 
deployed on the tower and controlled by 
means of computer from an adjacent 
onshore trailer. Researchers thus can 
conduct experiments in the most violent of 
storms. The facility and equipment have 
overcome many of the serious technical 
difficulties that have hindered this type of 
research in the past. The equipment 
includes various water current meters 
operating on principles of sound transmis- 
sion, light frequency shifting (laser Doppler), 
drag forces on tiny spheres, and the cooling 
of small, heated rods. With the field work 
completed, NWRI and Woods Hole 
scientists now have a comprehensive data 
set to allow them to make improvements to 
numerical wave models. They will also be 
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able to understand better the distribution of 
turbulent energy in the upper layers of 
oceans. With this information, models can 
be developed to predict dispersal of slightly 
buoyant pollutants. 


NWRI and the U.S. research teams working 
on the project has been examining the 
response of microwave radars to small, 
wind-generated surface ripples, called “cats- 
paws” by sailors. This type of radar is 
already in place on satellites to observe 
surface ripples from space. The experi- 
ments conducted at the research tower will 
provide scientists with the information 
needed to use the satellite radar data to 
infer winds over oceans. This is vital to 
more accurate weather and climate 
prediction. At present the most critical 
impediment to improved long-term forecast- 
ing is the lack of information on daily 
weather conditions over vast reaches of the 
world's oceans. 


The results of this joint study have been so 
encouraging that an even larger effort has 
recently been announced. Dr. Donelan has 
been named coordinating chairman for a 
new $4.5 million international research 
project on surface wave dynamics. The 
project, funded by the U.S. Office of Naval 
Research, involves 21 investigators from 16 
research organizations worldwide. Expected 


theoretical and instrumentation advance- 
ments from this program will improve our 
understanding of wind-driven pollutant 
mixing phenomena and develop better wave 
forecasting. Data from wave reflectivity 
sensors on a new satellite to be launched in 
1990 will be validated with oceanographic 
data collected by traditional means. Satellite 
sensors will then be able to provide, for the 
first time, comprehensive global information 
on wave-induced movements in large lakes 
and oceans. 


In addition to wave research, the Hydraulics 
Project includes research in tiie areas of 
coastal and fluvial engineering. Current 
studies in coastal engineering are address- 
ing the resuspension of cohesive sediments 
by waves, the development of hindcasting 
models of wave climates and shoreline 
evolution, and the interaction between 
waves and man-made structures. The fluvial 
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The Hydraulics Project 
(continued) 


engineering program is directed towards im- 
proving our understanding of fluid mechanics 
and sediment transport in rivers, flow- 
structure interaction, and innovations in river 
monitoring. 


Technical staff within the project also 
operate NWRI'’s large Hydraulics Laboratory 
and provide specialized support to profes- 
sional laboratory users and to cost-recovery 
projects. The National Calibration Service 
calibrates and repairs current meters, and 
operates the towing tank facility for NWRI, 
the Water Resources Branch of Inland 
Waters Directorate, and private sector users. 


Project Chief: M.G. Skafel 
Study leaders: M.A. Donelan, 
C.T. Bishop, P. Engel, W.B. Taylor. 


Recent Publications 


Bishop, C.T. (1987). Great Lakes water levels: A 
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Zeman and N.A. Rukavina (1988). Computer 
simulation of nearshore zone profile evolution in 
cohesive materials. NWRI Contribution 88-25. 
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23-26. Environmental Studies Revolving Funds, 
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study on Lake St. Clair. NWRI Contribution 87-153. 
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COMING 


EVENTS 


August 15-18, 1988: Trace Metals in 
Lakes. This international conference will 
be held at NWRI (Canada Centre for Inland 
Waters, Burlington, Ontario). The main 
topics discussed will be the extent of trace 
metal contamination of lake ecosystems, 
the effect of lake acidificatiom on cycling 
and bioavailability of metals, and the 
similarities and differences of trace metal 
and nutrient cycles in marine and lake 
ecosystems. A short course on clean-lab 
techniques is being organized to comple- 
ment the conference. Deadline for submis- 
sion of the abstracts is March 31, 1988. 
The proceedings will be published in 
“Science of the Total Environment”. For 
more information, contact Drs. J.O. Nriagu 
or K. Lum, (416)336-4784/4617. 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research and 
development in the aquatic sciences, in 
partnership with the international freshwa- 
ter science community. The twin goals of 
the Institute are to advance scientific 
understanding of national and international 
water issues important to Canada and to 
develop knowledge and authoritative ex- 
pertise on these issues that can be used 
by Environment Canada to influence 
decisions affecting the wise management 
of Canada’s water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each focusing on 
a priority issue. Projects are grouped 
within three branches, the Lakes Research 
Branch, the Rivers Research Branch, and 
the Research and Applications Branch. 
Current long-term research priorities 
include: toxic chemicals in the Great Lakes 
and the St. Lawrence River; exchange of 
toxic contaminants between air, water, 
sediments, and biota; groundwater con- 
tamination; pesticide contamination in 
rivers; acid rain; lake rehabilitation; and 
aquatic monitoring, ecotoxicology, and risk 
prediction methodologies. 


August 29-September 2, 1988: First 
Biennial Water Quality Symposium: 
Microbiologicial Aspects. This major 
symposium will be held in Banff, Alberta and 
will focus on microbiological contamination 
and hazards in water and on methods to 
assess and remove these problems. For 
more information, contact the organizers, 
B.J. Dutka or Dr. D.R.S. Liu, (416) 336- 
4576/4923. 


October 10-14, 1988: The Fate and Effects 
of Toxic Chemicials in Large Rivers and 
their Estuaries. This international sympo- 
sium is being organized jointly by NWRI and 
Institut National de la Recherche Scienti- 
fique-Eau. It will be held in Quebec City. 
The focus of the conference will be on the 
transport mechanisms, partitioning, fate and 
effects of toxic chemicals as detected by 
ecotoxicological methods. Several keynote 
papers from specialists in western Europe 
and the U.S. will be presented. Deadline for 
submission of abstracts is March 31, 1988. 
For more information, contact Dr. R.J. Allan, 
(416) 336-4678. 
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NWRland the 1987 Great Lakes Water Quality Agreement 


In November 1987, a new Protocol 
to the Great Lakes Water Quality 
Agreement (GLWQA) between 
Canada and the United States was 
signed at the International Joint 
Commission Biennial Meeting in 
Toledo, Ohio. The Protocol in- 
cludes several new or revised 
Annexes which will require addi- 
tional research programs before 
they can be implemented. In- 
creased scientific knowledge is 
necessary to control toxic chemi- 
cals, restore Areas of Concern 
(AOCs) and develop lakewide man- 
agement plans for toxic chemicals. 


A new Research and Development 
Annex, Annex 17, commits the two 
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countries to a comprehensive eco- 
system approach to pollution issues 
in the Great Lakes. Two other new 
Annexes to the Protocol necessitate 
expanded research on the role and 
rehabilitation of contaminated 
sediments (Annex 14) and on the 
atmospheric deposition of toxic 
chemicals to, and their subsequent 
release from, the Great Lakes 
(Annex 15). Annex 2 was also 
completely redefined to focus on 
remediation plans needed to restore 
Great Lakes AOCs and to develop 
lakewide management plans for 
toxic chemicals. These activities 
will require extensive research 
before protocols can be developed 
to assess the degree of pollution or 
recovery of AOCs; to quantify non- 
point sources of chemicals; to re- 
solve ecosystem interactions so that 
successful and cost effective reme- 
dial measures can be developed; 
and to test in situ remedial options 
to deal with the contaminated 
sediments found in 41 of the 42 
AOCs. NWRI scientists made 
major contributions to the earliest 
drafts of some Annexes including 
Annexes 14, 15, 16 (on Pollution 
from Contaminated Groundwater) 
and 17. 


Recently, the research program in 
the Lakes Research Branch (LRB) 
of NWRI was refocused to respond 
to the next generation of limnologi- 
cal problems. LRB, the focal point 
of NWRI research on the Great 
Lakes, is now organized into five 
broad interdisciplinary projects. 
These address the problems asso- 
ciated with: the role of contaminated 
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sediments in toxic chemical accu- 
mulation by biota and how to deal 
with such sediments; the impor- 
tance of atmospheric deposition of 
toxic chemicals in lakewide mass 
balances and how to factor this into 
programs controlling other sources; 
the interactions between connecting 
channels, nearshore areas and 
open lake waters; the processes 
and procedures for restoring se- 
verely polluted sites, such as the 
AOCs; and the relationships be- 
tween nutrient inputs or trophic 
state of lakes and the fate and 
effect of toxic contaminants. This 
latter project on nutrient-contami- 
nant interactions represents a more 
comprehensive ecosystem ap- 
proach to lake pollution because 
nutrients and contaminants and 
their interactions need to be consid- 
ered simultaneously. Better under- 
standing in all of these areas is 
essential for setting multi-chemical 
ecosystem objectives, based on in 
situ ecotoxicological tests (rather 
than dissolved concentrations of 
single chemicals), and for develop- 
ing useful lake management plans. 
In addition, research on agricultural 
pesticides, urban runoff and reme- 
diation of groundwater pollution has 
been consolidated within the Rivers 
Research Branch. Thus, NWRI has 
embarked on projects which will 
have a major role to play in meeting 
the goals set forth in the new 
Protocol to the GLWQA. 


Dr. R.J. Allan 
Director 
Lakes Research Branch 


RESEARCH NEWS 


Lake Erie, Lake Ontario 
Research Volumes 


Results from two intensive, multidiscipli- 
nary research programs on Lakes Erie 
and Ontario, undertaken by NWRI in 
collaboration with several universities 
and U.S. government agencies, were 
recently released as special journal 
volumes. Both identify, quantify and 
interpret the limnological effects of the 
large-scale phosphorus abatement 
programs instituted by Canada and the 
U.S. in the 1970s to reduce eutrophica- 
tion. 


In the Lake Erie study, the most biologi- 
cally productive of the Great Lakes, 
major efforts were made to characterize 
and model the changes in hypolimnetic 
oxygen depletion in the lake in response 
to phosphorus reductions. Weather 
conditions during the stratified period, 
together with a strong temporal lag in 
sediment oxygen demand, appear to 
have obscured the long-term effects of 
declining phosphorus. Computer 
simulation models were developed and 
used to validate these conclusions. In 
general, the study reflects the major 
advances made in the last decade in 
understanding the processes controlling 
the Lake Erie ecosystem. 


The Lake Ontario study focused on the 
effects that phosphorus reductions have 


UV Sterilization of 
Wastewater 


A novel ultraviolet (UV) disinfection 
process was recently chosen over con- 
ventional chlorination for use in a new 
sewage treatment plant in Quebec City. 
This decision is the culmination of ten 
years of effort by Trojan Technologies 
of London, Ontario, to take an idea 
developed at NWRI to a commercially 
successful application. In 1976, Drs. 
J.H. Carey and B.G. Oliver demon- 
strated for the first time the efficiency of 
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had on primary and secondary produc- 
tion in the lake. Long-term field data on 
phosphorus and phytoplankton levels, 
combined with physiological measure- 
ments, indicated that short-lived events 
in the lake, such as the settling of lipid- 
rich diatoms, were important to overall 
biogeochemical cycling and fishery 
production. Such events occur shortly 
after the onset of thermal stratification in 
spring and can provide much of the 
utilizable food to the benthic component 
of the ecosystem which supports the 
fishery. Later in the season most of the 
primary production is recycled into other 
biota or converted to CO,, primarily 
through the actions of heterotrophic 
nannoplankton. This poorly understood 
group of microorganisms comprises up 
to half of the lake’s biota in the size 
range of 2-20 microns. Current 
computer models that are used to 
predict the effects of decreased nutrient 
loadings on the fate and effects of 
contaminants in the Great Lakes will 
need modification to take into account 
the role of nannoplankton on these 
processes. 


Another major observation in this study 
was unexpected. The decrease in lake 
phosphorus concentrations that was 

expected to follow the reduction in lake 


UV sterilization of particulate matter 
characteristic of secondary sewage 
effluents, reporting that a 99 percent 
destruction of target organisms could be 
achieved at fairly low doses of UV. 
Subsequent scientific consultations with 
the company and the National Research 
Council led to a two-year field trial of the 
technology at Tillsonburg, Ontario, 
where the superior efficiency, practical- 
ity and economics of the UV system 


loadings was only partly realized. 
Phosphorus concentrations during 
spring overturn have declined year by 
year. However, summer epilimnion 
concentrations have not and remain 
higher than the hypolimnetic values. 
This is an unusual response and further 
work is required to identify the pro- 
cesses unique to Lake Ontario which 
produced it. 


The authors of both volumes repeatedly 
point out the need for more complete 
ecosystem understanding if we are to 
better predict the effects of controlling 
even one environmental variable (phos- 
phorus loading). As Lean et al. (1987) 
note for these lakes, the “limits of use 
and abuse are set by biogeochemical 
processes”. 
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over conventional chlorination was 
proven. This is an example of the kind 
of successful technology transfer that is 
promoted as an adjunct to NWRI’s 
mission-oriented research. 


Reference: Oliver, B.G. and J.H. Carey 
(1976). Ultraviolet disinfection: an alternative 
to chlorination. J. Water Pollut. Contr. Fed. 48: 
2619-2624. 
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Bio-assessment Workshop 


A successful Environment Canada 
workshop on “Biology in the New 
Regulatory Framework for Aquatic 
Protection” was held in Alliston, Ontario, 
in late April. The workshop, organized 
and chaired by Dr. E. Ongley, Director 
of NWRI’s Rivers Research Branch, 
brought together federal and provincial 
regulators, industry representatives, 
private sector consultants and the 
scientific community to examine the 
implications of the expanded use of bio- 
logical criteria in aquatic regulation. 
Following overview sessions on new 
and existing legislation (Canadian Envi- 
ronmental Protection Act, the Ontario 
Municipal and Industrial Strategy 
Abatement, and the Pest Control 
Products Act) and on the science of 
biological effects assessment, discus- 
sion groups examined a number of 
specific issues. 


Consensus was reached on several rec- 
ommendations. Canadian regulatory 
criteria and test protocols should be de- 
veloped in response to well defined en- 
vironmental objectives agreed upon 
through a consultative process. Stan- 
dardized bioassays, consisting of tiered 
batteries of tests using both laboratory 
and ambient organisms, should be 
applied to the assessment of wastewa- 
ters and leachates. The federal 
government should continue to provide 
strong leadership in research and 
development (R&D), but participation by 
universities in R&D should be en- 
hanced. Regulatory criteria and test 
protocols should be developed within 
Canada, with due regard for interna- 
tional experiences and existing proto- 
cols, and the federal government should 
be responsible for technology transfer to 
the private sector. Involvement by the 


private sector in monitoring, data 
evaluation and, to a lesser extent, R&D, 
should be increased. To ensure 
uniformity and accuracy, the govern- 
ment should keep leadership in national 
quality assurance/quality control and be 
responsible for laboratory certification in 
biological and chemical testing. 


The discussion summaries and recom- 
mendations to be published in the 
Workshop Proceedings will provide 
policy makers with a range of perspec- 
tives on the emerging utility of toxicity 
testing and bio-effects monitoring in 
environmental regulation. 


Global Trace Metal Pollution Assessed 


Dr. J.O. Nriagu, Lakes Research 
Branch, and Dr. Jozef Pacyna of the 
Norwegian Institute for Air Pollution 
Research have just published a major 
review article in Nature in which they 
present the first quantitative worldwide 
assessment of the annual input of trace 
metals into air, soil and water. Global 
data for 13 trace metals in freshwater, 
oceans and soils are analyzed for the 
first time, and an analysis of atmos- 
pheric emissions, first reported by Dr. 
Nriagu in 1975, was updated. 


Soil contamination results mainly from 
disposal of coal combustion residues 
and general wastage of commercial 
products on land. Wastes associated 
with animal husbandry are also signifi- 


cant. Although background levels of 
trace metals in soils are naturally high, 
the retention capacity of many soils for 
future inputs of trace metals may be 
limited and could quickly be exceeded 
in some cases, causing soil fertility 
problems. 


Emissions of copper, lead, zinc and 
cadmium have decreased in the last 15 
years, although anthropogenic sources 
of lead are still 17 times higher than 
natural sources to the atmosphere. For 
most trace metals, the releases to 
aquatic ecosystems are higher than 
atmospheric emissions. If even a 
quarter of the airborne metals find their 
way first to freshwater systems, the 
potential extent and severity of contami- 


P.E.]. Groundwater Contamination 


Residues of aldicarb, an extremely toxic 
carbamate insecticide, have been de- 
tected in routine analyses of drinking 
water from wells in Prince Edward 
Island (P.E.I.). Studies currently being 
conducted by the Groundwater Project 
of the Rivers Research Branch at two 
field sites in P.E.I. are designed to 
better understand the subsurface migra- 
tion and fate of aldicarb in relation to its 
application. 
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Although aldicarb oxidizes rapidly to the 
aldicarb sulfoxide and aldicarb sulfone, 
these by-products are equally toxic. 
They degrade, however, to less toxic 
forms by hydrolysis and dehydration. 
Rates of degradation are controlled 
primarily by temperature and pH, with 
persistence of the toxic species 
occurring in cold groundwater with a pH 
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nation is considerable. The authors 
also point out that a number of pro- 
cesses occur in freshwater that can 
keep concentrations low in the water, 
thus concealing a potential contaminant 
burden which could suddenly become 
critical. The global toxicity of trace 
metals released each year is now 
estimated by the authors to exceed the 
combined toxicity of all the radioactive 
and organic wastes produced annually. 


Reference: Nriagu, J.O. and J.M. Pacyna 
(1988). Worldwide contamination of the air, 
water and soils by trace metals— Quantita- 
tive Assessment. Nature 333 (6168): 134- 
139. 


Obtaining groundwater for chemical analysis. 
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range of 5-6. The NWRI field studies 
have found that a correlation exists 
between high concentrations of nitrate 
and high concentrations of aldicarb, in- 
dicating a possible link between aldicarb 
persistence and the degradation of am- 
monia fertilizer used on the potato 
fields. Nitrification (the oxidation of am- 
monium) produces protons as well as 
nitrate, thus lowering the pH of the 
groundwater. The groundwater in the 
sandstone aquifer is highly oxygenated 
(5-10 mg/L), suggesting ideal conditions 


for rapid nitrification in the unsaturated 
zone. The decrease in pH due to 
nitrification of ammonia and the low 
temperature of the groundwater (10° C) 
in P.E.|. present ideal conditions for 
aldicarb persistence. Work is continu- 
ing to quantify how nitrification affects 
aldicarb degradation and to develop 
modified agricultural practices to 
minimize persistence. 


Reference: Priddle, N.W., R.E. Jackson, 
A.S. Crowe and J.P. Mutch (1988). Aldicarb 
and nitrogen residues in a sandstone 
aquifer. NWRI Contribution No. 88-02. 


Promoting Analytical 
Quality Assurance 


The Quality Assurance Project of NWRI 
is responsible for design, management 
and promotion of aquatic interlaboratory 
quality assurance (QA) programs. To 
support these goals, a national QA 
management workshop was recently 
held in Ottawa in conjunction with the 
Water Quality Branch (WQB) of Inland 
Waters Directorate. 


Dr. J. Lawrence, Director, Research and 
Applications Branch, opened the 
workshop with an overview of the 
benefits of QA from the management 
perspective. A.S.Y. Chau discussed the 
necessities and pitfalls of designing and 
executing a QA program, drawing on his 
recent experience as Chairman for the 
Upper Great Lakes Connecting Channel 
Surveillance (UGLCCS) QA Project. 
This was a particularly effective 
international multi-agency project, 


involving several government agencies 
from Canada and the United States. 
K.I. Aspila then discussed the benefits 
of QA to the performance of individual 
laboratories, citing evidence from QA 
studies for the Long Range Transport of 
Airborne Pollutants program. He also 
demonstrated a new data management 
program developed at NWRI that 
records and graphs the performance of 
laboratories participating in QA round- 
robins. In the graph below, a high 
performance index is indicative of a high 
frequency of biased parameters and/or 
poor precision within a study. The time 
base for this figure is 1982 to 1988, 
during which the performance of this 
example laboratory improved from poor 
to good. Other presentations at the 
workshop were given by H. Agemian of 
the National Water Quality Laboratory 
and Dr. J. Gaskin of the WQB, Ottawa. 
The sessions were videotaped and 
copies will be distributed to the Regional 
Offices of Environment Canada and 
other interested organizations. 


Impact of External QA Studies 
on Laboratory Performance 


Performance Index 


123 4 6 67 8B O 10 11 12 13 14 16 16 17 
LRTAP Study No. (Time Base) 
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Hydrocarbons in the 
Mackenzie River 


The lower Mackenzie River, the largest 
northward-flowing river in North 
America, has been the site of a number 
of recent studies of hydrocarbon 
pollution. Initial scientific assessments 
were prompted by concerns for the 
state of the Mackenzie River fishery and 
were focused on the refinery develop- 
ment at Norman Wells just south of the 
Arctic Circle. In an allied baseline 
study, NWRI researchers have exam- 
ined, and recently reported on, the 
downstream pattern of two groups of 
hydrocarbons—normal alkanes and 
polyaromatic hydrocarbons (PAHs)— 
associated both with water and sus- 
pended sediments. By comparing 
chemical “fingerprints” of water and 
sediment during spring discharge with 
those of late summer, low-flow condi- 
tions, they found similarities in the 
hydrocarbons above and below Norman 
Wells. This suggested that natural oil 
seeps (well known in the Mackenzie 
River) are the source of these hydrocar- 
bons rather than refinery effluents. 
Moreover, PAHs were barely detectable 
in summer, but found in higher concen- 
trations and differing composition in 
spring discharges. It appears that 
PAHs originating from combustion may 
be distributed by atmosphere pro- 
cesses, deposited during the winter on 
snow and then released to the river 
during spring snowmelt. Generally, the 
concentration and composition of 
measured hydrocarbons varied along 
the 1300 km of river sampled, presuma- 
bly reflecting variable inputs and losses 
of both pollutants and suspended 
sediments. 


These results have important implica- 
tions for sampling procedures in remote 
northern rivers. Currently, most 
monitoring programs sample only water, 
but the Mackenzie study has shown that 
the contaminant load carried in sus- 
pended sediments can sometimes 
exceed 70 percent of the total; both 
water and sediment must be taken into 
account when calculating organic 
loadings to rivers, as must seasonal 
variations in river flow and the concen- 
trations of suspended sediments. 


Reference: Nagy, E., E.D. Ongley and J.H. 
Carey (1988). Final report on hydrocarbon 
pathways in the Mackenzie River. NWRI 
Contribution No. 88-81. 
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New Analytical Methods 


New and improved analytical methods 
are continually being developed by 
scientists in the Analytical Chemistry 
Project, Research and Applications 


Branch. These methods are required to 


address specific needs of water 
pollution research and monitoring 
programs. 


Trace metals are monitored in the 
environment because of their potential 
toxicity. Cadmium, for example, is a 
priority pollutant of concern which has 
received considerable attention. Dr. V. 
Cheam and a visiting Chinese scientist, 
Dr. E Xue Li, have developed a sensi- 
tive, automated, cost-effective ion 
chromatographic method for the 
simultaneous analysis of cadmium, 


cobalt and manganese in water 
samples at ultra-trace levels. The 
method is completely automated with 
on-line concentration of the metal ions. 
It is relatively inexpensive compared to 
existing techniques. 


Chlorophenols have potential biocidal 
properties and are heavily used as 
wood preservatives in the lumber 
industry. Dr. H.B. Lee has developed a 
method for the simultaneous analysis of 
20 chlorophenols and their correspond- 
ing chloroanisole metabolites at trace 
ievels in animal tissues. A parallel 
method for the determination of ultra- 
trace levels of these chloroanisoles in 
water and sediment samples has also 
been developed. These methods are 


being used in ongoing studies of the 
transport and fate of chlorophenols and 
on the environmental hazards of 
chloroanisoles in British Columbia and 
elsewhere. 


References 


Cheam, V. and E Xue Li (1988). Determina- 
tion of low level Cd2+, Co?*+ and Mn?* in water 
by ion chromatography. NWRI Contribution 
No. 88-65. 


Lee, H.B. (1987). Determination of 21 chlo- 
roanisoles in water and sediment samples. 
J. Assoc. Offic. Anal. Chem., Vol. 91 (in 
press); NWRI Contribution No. 87-69. 


Lee, H.B. (1988). Analysis of chlorophenols 
and chloroanisoles in fish tissues. NWRI 
Contribution (in press). 


Hamilton Harbour “Remedial Action Plan” 


The scientific Writing Team for the 
Hamilton Harbour Remedial Action 
Plan, chaired by Dr. G.K. Rodgers of 
NWRI, recently released a planning 


report entitled “Remedial Action Plan for 


Hamilton Harbour: Goals, Problems 
and Options”. Remedial Action Plans 
(RAPs) are to be developed for the 42 
“Areas of Concern” in the Great Lakes 
so designated by the International Joint 
Commission. The document describes 
current problems in the harbour and 
discusses management options to en- 
hance both the present uses of the har- 
bour as well as to restore water quality 
and shoreline habitat for uses that were 
lost or not exercised in the past. 


During the summer, the general public 
and a formal Stakeholder Group (who 


represent federal, provincial and local 
governments, industries, conservation 
authorities and sports fishing, and other 
recreational groups) will have an 
opportunity to review the options. 
Recommendations regarding implemen- 
tation and scheduling of the final plan 
will be made by the Stakeholder Group 
in September. The Hamilton Harbour 
Writing Team will then prepare a formal 
Remedial Action Plan for submission to 
the Canada-Ontario Agreement Review 
Board and the International Joint 
Commission. 


NWRI scientists have conducted a 
broad range of research studies in 
direct support of the Hamilton Harbour 
RAPs and have made significant 
contributions to data analysis, interpre- 


tation and preparation of the document. 
One encouraging conclusion to emerge 
from the analysis is that the harbour has 
responded positively to the pollution 
control measures put in place over the 
last ten years by municipalities and 
industries. Few important water quality 
objectives were exceeded in 1987. 
Many fish species were found to be no 
more contaminated than those in Lake 
Ontario and were edible according to 
provincial guidelines. Oxygen depletion 
in the hypolimnion and low water clarity 
continue, however, to limit a full range 
of water uses. 


Collaboration with ILEC 


NWRI has been named by the Interna- 
tional Lake Environment Committee 
(ILEC) as the Canadian coordinating 
centre for compilation and input of 
Canadian lake data to the joint 
ILEC/UNEP “Survey of the State of 


World Lakes”. ILEC, a non-governmen- 


tal lake management organization 
based in Japan, is presently extending 
its 1983 “Data Book of World Lake 
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Environments” to cover siltation, 
acidification and toxic chemical contami- 
nation as well as eutrophication. In 
addition, a less comprehensive “Cata- 
logue of World Lakes” is being prepared 
for the 96 Canadian lakes larger than 
500 square kilometers. Lakes Re- 
search Branch, with ILEC funding, will 
be liaising with federal, provincial and 
university scientists over the next year 


to compile existing data according to 
ILEC protocols. At present, only data 
from the Laurentian Great Lakes and a 
few other important lakes in Canada 
have been summarized for the “Data 
Book”. By the time the project is 
completed, the number of lakes 
included could be more than 20. 
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IJC Science Advisory 
Board 


Dr. J. Barica, Senior Limnologist in 
Lakes Research Branch, has recently 
been appointed to the Science Advisory 
Board (SAB) of the International Joint 
Commission (lJC) for a three-year term. 
Dr. Barica replaces Dr. R.J. Allan, 
Director, Lakes Research Branch, 
therefore maintaining continuity in terms 
of advice and influence to the SAB from 
NWRI. Dr. Barica has expertise in the 
limnology of hyper-eutrophic systems 
(currently important to restoration of 
Areas of Concern) and in the manage- 
ment of multidisciplinary research 
programs. 


During his three-year appointment, Dr. 
Allan promoted the need for research 
on contaminated sediments and made 
the SAB presentation on this topic to the 
1986 IJC Biennial Meeting in Kingston, 
Ontario. He also urged expanded 
research on processes affecting the 
exchange of toxic chemicals at the 
surface of lakes. To this end, he 
represented the SAB on the Planning 
Committee for the 1986 Great Lakes 
Atmospheric Deposition Workshop held 
in Scarborough, Ontario (1986). A 
summary report of the workshop is now 
available from the IJC. 


Visiting Chinese 
Scientist Departs 


Dr. E Xue Li, Associate Scientist, 
Institute of Environmental Health 
Monitoring, Chinese Academy of 
Preventive Medicine, has spent the 
past year at NWRI training in quality as- 
surance (QA) program design under the 
direction of A.S.Y. Chau. In China, Dr. 
Xue Li is responsible for a national QA 
water monitoring program. While at 
NWRI, he developed with Dr. V. Cheam 
a new method for ion-chromatographic 
determination of low levels of cadmium, 
cobalt and manganese in water, and 
assisted in the development of certified 
reference materials for organic com- 
pounds. 
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New Coordinator of 
LRTAP Program 


Dr. D.S. Jeffries has been named 
Coordinator of the Long Range 
Transport of Airborne Pollutants 
(LRTAP) program for the Inland Waters 
Directorate, replacing Mr. F.C. Elder 
who retired in February. Dr. Jeffries, as 
Chief of the LRTAP program, has been 
responsible for the development of the 
Turkey Lakes Watershed Study, a 
multiagency, multidisciplinary calibrated 
catchment study in northern Ontario, 
and for assessing and modelling 
regional water quality data in support of 
emission reduction negotiations with the 
U.S. Dr. Jeffries is a member of the 
Federal-Provincial LRTAP Assessment 
Task Force and the Canada-Norway 
Project RAIN Technical Committee. 

Dr. D.C.L. Lam will replace Dr. Jeffries 
as LRTAP project chief. 


NWRI/IDRC 
Alexandria Joint 
Project 


Dr. K. Day, Rivers Research Branch, 
visited Alexandria, Egypt in 

April to advise Egyptian public health 
authorities on studies to determine the 
effects of Damsissa on non-target 
aquatic organisms. Damsissa, a plant 
toxin, is used in the control of snails 
which transmit the disease bilharzia. 
The project is funded by the Interna- 
tional Development Research Centre of 
Canada (IDRC). 


Dr. Day toured and selected field sites 
for future caged-fish assessment 
experiments and arranged for laboratory 
studies in Egypt and Canada to 
determine Damsissa toxicity to non- 
target organisms. 


New Zealand 
Scientist Studies 
Hamilton Harbour 


Dr. R. Spigel, Senior Lecturer in the 
Department of Civil Engineering, 
Canterbury University, is spending an 
eight-month sabbatical at NWRI 
interpreting physical data to estimate 
the exchange of water between the 
harbour and Lake Ontario’s western 
basin. This analysis will be important 
for the understanding of pollutant 
transport and retention in the harbour. 
His research in New Zealand focuses 
on the effects of depth-selective water 
withdrawal on the thermal stratification 
of drinking water reservoirs and on the 
effects of geothermal inputs on physical 
processes in deep mesotrophic lakes. 


Scientist Invited to 
Finland 


The Academy of Finland, at the request 
of the Finnish government, has initiated 
a series of evaluations of Finnish 
research programs to plan for the 
future. Environmental toxicology was 
recently identified for evaluation by 
internationally recognized experts 
chosen from names submitted by 
Finnish scientists. The names appear- 
ing most frequently were selected for 
the five-member evaluation panel. B.J. 
Dutka, Chief of the Ecotoxicology 
Project, Rivers Research Branch, was 
one of the five experts selected. He 
traveled to Finland in May to assess 
and report on the 20 Finnish research 
groups being evaluated. 


Research Promotions 


Drs. J.H. Carey and B.G. Krishnappan 
have been promoted to the third level in 
the Research Scientist category. This 
career stage recognizes a cumulative 
achievement distinctly above average 
and substantiates the leadership and 
excellence they have maintained in their 
respective fields of expertise. 
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Dr. Krishnappan, Rivers Research 
Branch, is an internationally recognized 
authority on coarse-grain sediment 
transport. He is best known for the 
development of models with practical 
application in predicting the distribution 
of dredge spoils and channel modifica- 
tion by sand. He is now turning his 
attention to the processes of fine-grain 
sediment transport. 


Dr. Carey, Lakes Research Branch, is 
an internationally recognized authority 
on photooxidative degradation of 
organic chemicals and on the fate and 
effects of toxic contaminants in lakes 


The Canada Centre for Inland Waters, 
home of the National Water Research 
Institute, opened its doors to the public 
from April 14-17. Over 35 000 regional 
visitors examined over 110 displays and 
demonstrations, making this year’s 
edition of the triennial event the most 
successful yet. Open House is an 
opportunity for the interested public to 
learn about the research work carried 
out at NWRI and to meet the people 
“behind the scenes”. The event was 
organized by a committee drawn from 
all agencies at CCIW under the chair- 
manship of J.D. Smith, Chief, Research 
Support Division, NWRI. 


In his address at the opening ceremo- 
nies, D.L. Egar, Executive Director of 
NWRI, noted that “one of the important 
benefits of the Open House is that it 
provides a stimulus for all the staff 
here.” “Scientists are people too”, he 
pointed out, “who need a sense of 
appreciation, accomplishment and 
pride. The Open House provides it.” 
Indeed over 750 staff members and 
their families attended an Open House 
staff night on April 13 to preview the 
results of their hard work prior to the 
public opening. 


Open House ’88 had something for 
everyone—young and old, kids and 
parents, educators and academics, 
business people and public officials. 
The media responded enthusiastically, 
with headlines and stories in five 
Ontario newspapers, and news cover- 
age on four television and ten radio 
stations. 
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‘featured live Daphnia 


and rivers. He is best known for 
describing the degradation of the 
lampricide TFM in aquatic systems and 
the quantification of semi-conductor 
enhancement of photooxidation. He is 
presently the Project Chief of the 
Nutrient/Contaminant Interactions 
Project which is characterizing the 
influence of trophic state and biological 
production in lakes on the critical 
processes that control toxic contaminant 
fate and effects. 


Drs. V. Cheam and H.B. Lee have 
been promoted into the Research 
Scientist category. Both scientists, who 


CCIW OPEN HOUSE’88 


The broad spectrum of environmental 
displays and demonstrations was 
organized into various themes: Water in 
Motion; Aquatic Life; Flooding and 
Erosion; Charting; Ships and Instru- 
ments; Toxics; Acid Rain; Research 
Tools; Hamilton Harbour and Lake 
Restoration; Wastewater Treatment. 


The five projects of the Rivers Research 
Branch were well represented. The 
Acid Rain Project (LRTAP) provided a 
video presentation of up-to-date 
scientific results on-experiments from 
the Turkey Lakes Experimental Water- 
shed in northern Ontario. A display of 
the RAISON (regional analysis by 
intelligent systems on a microcomputer) 
model, using microcomputer graphics, 
showed the aquatic resources currently 
at risk in eastern Canada, with predic- 
tions of acid rain effects 
for different sulphate load 
reduction strategies. 
Under the Toxics theme, 
the River Contaminants 
Project presented an 
elaborate display on the 
use of macroinverte- 
brates and mollusks as 
bioindicators, and the 
use of community 
change studies to 
indicate general levels of 
water pollution. The 
Ecotoxicology Project 


and a visual explanation 
of the LC, , test for acute 
toxicity. The Groundwa- 
ter Project opened its 


Demonstration of ice jam formation and break-up using 
“model” ice in a meandering flume. 


work in the Analytical Chemistry Project, 
have been contributing to the advance- 
ment of analytical methods develop- 
ment for some time and have published 
extensively in their respective fields of 
expertise. Dr. Cheam is presently 
developing ion chromatographic 
methods for anions, cations and trace 
metals. Dr. Lee is studying ways to 
optimize the performance of GCMS 
(gas chromatography/mass spectrome- 
try) instrumentation in analyzing 
halogenated organic compounds in 
environmental samples. 


analytical chemistry laboratory to show 
how organic contaminants are detected 
and measured by gas chromatography, 
and displayed its sophisticated tech- 
niques for monitoring subsurface 
waters. The River Modelling Project 
was very well represented under the 
theme Water in Motion. An operational 
scale model of a river proved quite a 
crowd pleaser, demonstrating ice jam 
formation and breakup using “model” 
ice in a meandering flume. The effects 
of agricultural and urban land use on 
drainage patterns were also explained 
through a model of the hydrosphere. A 
laser-beam particle size analyzer was 
set up to demonstrate the measurement 
and computer analysis of suspended 
sediment in rivers. 


Continued on Page 8 
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Displays on the current state of Hamil- 
ton Harbour pollution and on the 
harbour’s Remedial Action Plan (RAP) 
were the major contribution of Lakes 
Research Branch to Open House. The 
harbour exhibits included static dis- 
plays, a video on oxygen restoration 
experiments, and a 3-dimensional 
model of the drainage basin. Also 
included were exhibits by the Depart- 
ment of Fisheries and Oceans, Cana- 
dian Wildlife Service, Ontario Ministry of 
the Environment and the Royal Botani- 
cal Gardens, which, together with the 
NWRI displays, gave a complete 
overview of the factors involved in 
preparing an ecosystem-based action 
plan for the harbour. 2500 people also 
participated in the “Hamilton Harbour 
Challenge”, an interactive computer 
quiz on facts and issues relating to the 
harbour. This informal “poll” revealed 
that drinking water, waste disposal, air 
quality and wildlife habitat are viewed by 
the public as the major issues requiring 
attention. Responses to the poll rein- 


; 
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NWAI’s Research Support Divison’s RU4H20 robot, first built for the 1982 
Open House, is extremely popular with the younger children. Powered by 
batteries and employing a two-way radio communication system with a 
hidden operator using a standard model airplane controller, the Robot moves 
about and discusses environmental issues with children in the crowd. 


forced the public values and principles 
enunciated by the Hamilton Harbour 
Stakeholder Group involved in the 
development of the harbour RAP. 
Drinking water was viewed as the 
biggest issue, but air quality, not 
addressed by the RAP committee 
because of the focus on water quality, 
was also highlighted as an important 
factor affecting use and appreciation of 
the harbour. 


Other Lakes Research Branch’s 
contributions of note included organo- 
chlorine contamination in snapping 
turtles around Lake Ontario, Chernoby| 
radionuclide fallout in rainfall, and 
oligochaete worms from contaminated 
sediments. The scientists manning the 
displays were impressed that the public, 
particularly the older generation, was so 
concerned and so knowledgeable about 
the links between society’s activities 
and environmental pollution. 


The theme Water in Motion formed the 
major part of the exhibits of the Hydrau- 
lics Project, Research and Application 


Branch. In conjunction with Open 
House, the staff of the Hydraulics 
Laboratory held a special VIP reception 
for potential clients. Over 20 represen- 
tatives of consulting companies, 
universities and other government 
departments toured the facility and met 
the staff. In addition to the Hydraulics 
exhibits, the Analytical Chemistry and 
QA/QC projects in the Research and 
Application Branch demonstrated a 
number of environmental techniques. 
Visitors were fascinated with the 
robotics equipment used in laboratory 
automation. 


The enthusiastic crowds who attended 
Open House ’88 reminded CCIW 
employees that individual Canadians do 
care about the environment and that, as 
an editorial in The Hamilton Spectator 
noted, “public sentiment is on the side 
of the scientists in the constant struggle 
to preserve our irreplaceable fresh 
waters.” 


“How can you tell how clean the drinking water is? Can you tell by tasting 
it?” Four types of water were tested and the poll revealed that most people 
prefer bottled spring water (42%) to the chemically pure distilled water (9%). 
The local city water ranked third (11%). Itis interesting to note that bottled 
water also comes from a well. This survey was organized by the Groundwa- 
ter Contaminant Group, Rivers Research Branch. 


Photo by: J. Dolanjski 
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The Air-Water 
Interactions Project 


Atmospheric deposition of pollutants to 
surface waters has long been estab- 
lished as a “pathway” in the environ- 
mental cycling of a number of toxic 
chemicals of concern. Since the mid- 
1960s, DDT has been reported from 
such widely separated locations as the 
Arctic, the Antarctic, mid-Pacific and 
industrial Europe. Global dispersion is 
clearly indicated by such observations 
as well as by the case of the Chernoby| 
radionuclides which travelled quickly 
around the planet. 


Despite the recognition that air-water 
interactions are important processes in 
toxic chemical pollution, our knowledge 
base in many areas is very weak— 
sufficiently so that answers to specific 
questions such as the relative signifi- 
cance of the atmosphere in the loading 
to surface waters cannot yet be an- 
swered for many persistent chemicals. 
Atmospheric inputs are generally 
thought to occur by three basic mecha- 
nisms. Wetfall, including both rain and 
snow, has been the main focus for most 
monitoring to date. In the Great Lakes, 
sufficient data now exist to permit 
reasonably sound loading estimates for 
several chemicals in individual lakes. 
On the other hand, dryfall of air-borne 
particulates has not yet been investi- 
gated extensively, except on a theoreti- 
cal basis. Two aspects of this problem 
are particularly important—the rates of 
deposition of different size fractions of 
particulates under natural conditions 
and the environmental concentrations of 
toxic chemicals within each size 
fraction. The third mechanism is the 
direct transfer of toxic chemicals in the 
vapour state between the atmosphere 
and surface water. This process can 
take place in both directions and is 
determined by a number of factors, 
including the Henry’s Law constant for 
the chemical and the concentration 
gradient at the air-water interface. 
Much of this information is known only 
on a theoretical basis. 


Because of the large knowledge gaps, 
there is a great deal of uncertainty in 
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current estimates of toxic chemical 
inputs to the Great Lakes from the 
atmosphere. Nevertheless, these 
inputs are substantial and probably 
represent the largest source of chemi- 
cals such as lead, polychlorinated 
biphenyls (PCBs), the hexachlorocyclo- 
hexanes (HCHs) and some of the 
polynuclear aromatic hydrocarbons 
(PAHs). The objective of the Air-Water 
Interaction Project is to resolve some of 
these uncertainties and to create 
reliable mass balance estimates of the 
cycling of these and other chemicals 
into Canadian aquatic ecosystems, the 
Great Lakes in particular. 


Monitoring atmospheric deposition. 
Rain sampling for organic contaminants 
has been conducted for several years 
and reliable data are available for most 
areas of Canada except the Far North. 
Patterns of deposition are similar 
throughout the country with the more 
prominent contaminants being PCBs, 
a-HCH and lindane (an isomer of a - 
HCH). These compounds can occur at 
levels in excess of 1 ng/L averaged over 
the seasonal rainfall period. Data for 
snow are much poorer but the levels in 
snowmelt appear to be lower than for 
the rain. Concentration data for a 
number of organochlorine contaminants 
in rain will continue to be gathered and 
the work expanded to include some 


PAHs as well as the chlorobenzeiies. 
An all-weather sampler is also under 
development and should greatly 
improve the capability to assess 
snowfall reliably and to sample in the 
Far North, an area of particular federal 
responsibility. A completed prototype 
will be field-evaluated over the coming 
year. A second new sampler, which 
has been developed by the Atmospheric 
Environment Service with input from 
NWRI, is also being tested. Wide- 
spread use of these two samplers 
should provide the important data on 
the composition of toxic chemical 
pollutants found in the atmosphere. 
The sources of these chemicals may be 
local in some cases (the metals for the 
most part) or they may be distributed on 
an intercontinental scale. 


Chemical deposition is not limited to 
lakes. Bogs, with inputs only from the 
atmosphere, are proving useful in esti- 
mating the atmospheric deposition of 
persistent organic compounds. This 
approach will be examined further. 
Other forms of vegetation will also be 
investigated for their possible use in 
providing trend data, and as an eco- 
nomical method of sampling atmo- 
spheric burdens of selected chemicals. 
This aspect of the project will investi- 
gate both the persistent organic 
compounds and the heavy metals. 


Toxic rain research sampling sites. 
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Modelling air-water exchange. A 
primary objective of the Air- Water 
Interactions Project is to develop 
numerical models to predict the contri- 
bution of toxic chemicals to Canadian 
surface waters from the atmosphere. A 
small lake (Little Turkey Lake near Sault 
Ste. Marie, Ontario) that has already 
been extensively sampled in the acid 
rain program will provide the biogeo- 
chemical data base to validate the toxic- 
rain models under development. The 
experience studying this lake in the 
field, in the laboratory and in the 
computerization of relationships will be 
used to develop models for a much 
larger and more complex system — 
Lake Ontario. This lake is known to be 
contaminated with several chemicals 
that are transported and deposited via 
the atmosphere. The ecosystem 
compartments that are being studied 
.iclude suspended solids, water column 
and sediments in the lake, and particu- 
lates, vapour, rain and snow in the 
atmosphere. 


Accurate rate measurements of the 
processes which govern the transfer of 
toxic chemicals between the atmos- 
phere and water are the key toa 
successful modelling effort. Volatiliza- 
tion of persistent organic chemicals 
from the water surface to the atmos- 
phere is an important and poorly 
understood reaction in the overall mass 
balance equations for these chemicals. 
A large wave flume in NWRI’s Hydrau- 
lics Laboratory is currently being 


modified to provide sealed air and water 
recirculation so that the impact of water 
turbulence on the mass transfer 
coefficients of selected organic chemi- 
cals can be measured for the first time. 
Wind velocities up to 65 km/h will be 
possible. The first tests will use lindane, 
a relatively water-soluble pesticide with 
a modest vapour pressure. Both air and 
water will be monitored and wave 
conditions determined using sensitive 
instrumentation for characterizing the 
boundary layer. 


Radionuclides. Radionuclides in 
Canada’s surface waters are a concern 
in the vicinity of point sources such as 
mining sites and at nuclear power and 
fuel reprocessing facilities. Investiga- 
tions are under way to establish the 
presence and cycling of these sub- 
stances in surface waters, including 
methods to estimate the degree of 
exposure to aquatic life. Present 
investigations are concerned with the 
role of surface films in dispersing these 
substances and their overall distribution 
in the aquatic ecosystem. 


Climate Change. \n addition to the 
“toxic rain” issue, the project is also 
addressing related air-water questions 
concerning the impacts of climate 
change on lake systems. Interpretation 
of pre-historic paleolimnological data is 
being used as a tool to predict water 
quality changes. Water quantity and 
temperature effects are also being 
assessed, using physical heat and 


The Ecotoxicology Project 


There are presently in use in Canada 
some 30 000 different chemicals, many 
of which eventually find their way into 
the aquatic environment. How can we 
tell where they are building up before 
they cause serious problems? Ecotoxi- 
cological and microbiological tests are 
among the most important means of 
assessing the impact of pollutants on 
the quality of water and aquatic sedi- 
ments. These methods provide an 
estimate of the degree of chemical 
contamination in the environment and 
identify potential ecological impacts. 
They are also useful for understanding 
a number of contaminant/biota interac- 
tions such as: biological acclimatization; 
transport rate in fluvial systems; 
biodegradation, bioaccumulation and 
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other food chain effects; growth 
stimulation or inhibition; and effects of 
remedial activities. 


The principal objective of the Ecotoxi- 
cology Project, Rivers Research 
Branch, is to develop a comprehensive 
“battery of tests” protocol for chemical 
stress assessment in fresh water 
systems through appropriate research 
into contaminant/biota interactions. 
Once this multiple testing protocol has 
been developed, it will be transferred to 
operational agencies in government and 
to the private sector for implementation 
in monitoring and regulatory programs. 


There is now general acceptance that 
no single criterion can be used to judge 


circulation models of Lakes Ontario and 
Erie. 


Project Chief: W.M.J. Strachan 


Study Leaders: L.D. Delorme, 
M. A. Donelan, W.A. Glooschenko, 
R.F. Platford, W.M. Schertzer 


Recent Publications 


Delorme, L.D. and S.C. Zoltai (1984). Distribution 
of arctic ostracod fauna in space and time. Quat. 
Res. 21: 65-73. 


Glooschenko, W.A. (1986). Monitoring the 
atmospheric deposition of metals by use of bog 
vegetation and peat profiles. Adv. Envir. Sci. Tech. 
47: 507-533. 


Glooschenko, W.A. and N. Arafat (1988). 
Atmospheric deposition of arsenic and selenium 
across Canada using Sphagnum moss as a 
biomonitor. Sci. Tot. Environ. (in press). 


Platford, R.F. and S.R. Joshi (1988). Dose rates to 
aquatic life near a Uranium waste site. Health 
Physics 54: 63-68. 


Schertzer, W.M. (1987). Heat balance and heat 
storage estimates for Lake Erie, 1967 to 1982. J. 
Great Lakes Res. 13: 454-467. 


Simons, T.J. and W.M. Schertzer (1987). 
Stratification, currents and upwelling in Lake 
Ontario, summer 1982. Can. J. Fish. Aq. 
Sci. 44: 2047-2058. 


Strachan, W.M.J. (1988). Toxic contaminants in 
rainfall in Canada: 1984. Environ. Toxic Chem._Z 
(in press). 


Strachan, W.M.J. and Eisenreich S.J. (1987). Mass 
balance accounting of PCBs and lead in the aquatic 
environment. Proc. Oceans '87 Conference: 
Coastal and estuarine pollution, 5: 1765- 1769. 


adequately the potential hazard (either 
to the environment or man) of a given 
pollutant. Thus a multitude of biological 
assay procedures have been, and 
continue to be, developed to assess 
toxicant impacts. Industrial pollutants 
and toxicants, such as herbicides, 
insecticides, fertilizers and car exhaust 
fumes, affect biotic systems at different 
levels. Therefore, a “battery approach”, 
utilizing several different short-term 
biological tests, can be used to advan- 
tage in any monitoring scheme. 
Investigators are now experimenting 
with various combinations of ecological 
and health effect tests to estimate the 
toxicity and mutagenicity of effluents, 
waters and sediments as well as the 
bacteriological hazards they contain. 
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Ecological effects tests are conducted 
mainly to measure the acute toxicity 
(quick killing power) of chemicals as 
well as their ability to cause genetic or 
mutagenic damage to the offspring of 
aquatic organisms at all trophic levels of 
the food chain. To help estimate 
chemical toxicity in natural and polluted 
ecosystems, bacteria, algae, zooplank- 
ton, benthic invertebrates and fish are 
used as the test organisms. 


Bacteria and enzymes may be exposed 
to a wide range of toxic, organic and 
inorganic compounds in natural water, 
soil, leachates, sediments, sewage 
treatment processes and industrial 
discharges. The toxicity of any com- 
pound or group of compounds depends 
on the environmental parameters as 
well as on the microorganism or 
enzyme system being tested. The 
compounds may be metabolically 
altered to nontoxic metabolites or may 
exert a direct toxic action on microbial 
populations. Microbes also may be 
subjected to synergistic or antagonistic 
effects from different components of 
contaminant mixtures. In sewage 
treatment plants, toxicants may cause 
shifts in microbial populations, and this 
may adversely affect the operation of 
the plant. Toxic and mutagen action 
depends on concentraton. For example, 
phenol can be metabolized at low 
concentrations, but it becomes toxic at 
high concentrations. Toxicant action 
also depends on the presence of other 
chemicals in solution. 


Criteria for bioassays. All the above 
factors have been considered in the 
development of the following criteria for 
an appropriate “battery of tests” for 
ambient receiving waters and sedi- 
ments: the tests must be simple 
enough to carry out in simple test 
laboratories without the use of sophisti- 
cated instruments or training; results 
should be obtained on the same day or 
within 48 hours; materials and man- 
power should be inexpensive; the 
proposed battery must be able to 
provide information on the effects of 
both bacteriological and toxicological 
hazards; and the tests must be able to 
work in all parts of Canada, under a 
variety of pollution conditions, so that 
Canada-wide priority hazard screening 
can be undertaken. 


With these criteria in mind, the scientists 
in the Ecotoxicology Project set out to 
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develop a battery of “core tests” which 
could be applied Canada-wide. It is 
recognized, however, that at specific 
sites the core battery of tests will need 
to be augmented with other tests 
tailored to the site conditions and 
monitoring goals. 


Approximately 220 water and sediment 
samples have been collected from 
polluted and unpolluted streams, rivers, 
lakes and harbours, extending from 
Saint John Harbour in New Brunswick 
to the mouth of the Fraser River in 
British Columbia. When the project 
started in 1985, the concentrated and 
unconcentrated water samples were 
each tested ten times. The sediments 
were initially extracted with ultra pure 
water, and the water extract tested for 
toxicants. As the project continued, it 
was decided also to evaluate the toxicity 
of organic pollutants bound to the 
sediments as they may be recycled into 
the food chain by the action of various 
microbiota. To achieve this we use a di- 
chloromethane extraction, then ex- 
changed into DMSO (dimethylsulfox- 
ide). 


Data from these samples, collected 
across Canada, are still being analyzed. 
The following preliminary observations, 
however, can be made: 


¢ The fecal coliform membrane filter 
(MF) test and the coliphage test (viruses 
infecting E. coli) will probably be used 
for water bacteriology. These tests 
indicate the presence of fecal pollution 
and inefficient sewage treatment plant 
operation. 


e In sediments, the bacteriological tests 
of choice will probably be the A-1 MPN 
(most-probable-number, 5 tube test) 
broth test for fecal coliforms and the 
Clostridium perfringens spore test. 
These procedures provide an indication 
of contemporary fecal pollution as well 
as historical pollution over the previous 
1-2 years (Clostridium). 


° Tests for coprostanol, cholesterol and 
dehydrogenase activity proved either to 
be insensitive (dehydrogenase activity) 
or too variable and expensive 
(coprostanol and cholesterol) to be used 
routinely in a battery of tests by all 
laboratories. These tests, however, 
would have some use at specific sites 
involving sewage treatment plant 
efficiency, especially coprostanol. 


e It would appear that the Daphnia 
magna test may be the most sensitive 
and economical test for screening of 
water and sediment-water extracts for 
toxicants. 


e Preliminary statistical analyses 
indicate that the Microtox test is rather 
insensitive to toxicants in our water and 
sediment water extracts. A final 
decision on the Microtox test and the 
other tests being evaluated for toxicant 
screening must await additional scrutiny 
and statistical evaluation of the data. 


Our final goal is to develop a basic 
battery of five to six tests which can be 
applied successfully in routine labora- 
tory use without escalating costs and 
the purchase of specialized, 
expensive equipment. 


Project Leader: B.J. Dutka 

Project Team: B.J. Dutka, K. Jones, 
A. Jurkovic, K.K. Kwan, R. McInnis, 
S.S. Rao, P. Stewart 
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tion No. 87-116. 


Dutka, B.J., K. Jones, H. Xu, K.K. Kwan and R. 
McInnis (1987). Priority site selection for degraded 
areas in the aquatic environment. Water Poll. Res. 
J. Canada 22: 327-339. 


Dutka, B.J., K.K. Kwan, K. Jones and R. Mcinnis 
(1987). Application of the battery of screening tests 
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Lake Ontario, Canada. NWRI Contribution No. 87- 
134. 


Daphnia magna, a large Cladoceran less tolerant of 
toxic substances than fish, used in toxicant 
screening tests. 
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Dutka, B.J. and S.S. Rao (1987). Microbiological 
and toxicological studies of streams. NWRI 
Contribution No. 87-15. 


Kwan, K.K. (1987). Synthetic activated sludge 
technique for toxicity assessment of chemicals and 
environmental samples. In Toxicity Assessment: 
An International Quarterly 3: 93-98. 


Kwan, K.K. and B.J. Dutka (1987). Comparison of 
sediment toxicant extraction procedures for 


Microtox screening tests. Canadian Technical 
Report of Fisheries and Aquatic Science, No. 1575. 


COMING 
EVENTS 


August 15-18, 1988. Trace Metals in 
Lakes. This international conference 


will be held at McMaster University, 
Hamilton. About 120 abstracts have 
been received from many different 
countries, covering every aspect of 
trace metal contamination of lake 
ecosystem as well as cycling and 
bioavailability of metals. A short 
course on clean-lab techniques is being 
organized to complement the confer- 
ence. The proceedings will be pub- 
lished in “Science of the Total Environ- 
ment”. For more information, contact 
Drs. J.O. Nriagu or K. Lum at (416)336- 
4784/4617. 


August 29-September 2, 1988. First 
Biennial Water Quality Symposium: 
Microbiological Aspects. This major 
symposium will be held in Banff, Alberta 
and will focus on microbiological 
contamination and hazards in water and 
on methods to assess and remove 
these problems. For more information, 
contact the organizers, B.J. Dutka or Dr. 
D.R.S. Liu, at (416)336-4576/4923. 


October 10-14, 1988: The Fate and 
Effects of Toxic Chemicals in Large 
Rivers and their Estuaries. This 
international symposium is being 
organized jointly by NWRI and Institut 
National de la Recherche Scientifique- 
Eau. It will be held in Quebec City. The 
focus of the conference will be on the 
transport mechanisms, positioning, fate 
and effects of toxic chemicals as 
detected by ecotoxicological methods. 
Several keynote papers from specialists 
in western Europe and the U.S. will be 
presented. For more information, 
contact Dr. R.J. Allan at (416)336-4678. 


Page 12 


Liu, D., Y.K. Chau and B.J. Dutka (1987). A rapid 
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contamination. Canadian Technical Report of 
Fisheries and Aquatic Sciences, No 1575. 
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Toxicity Assessment: An International Quarterly 2: 
79-87. 
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Canada’s principal Great Lakes research ship, CSS Limnos is a general-purpose scientific 
vessel. Based at the Canada Centre for Inland Waters in Burlington, Ontario, the Limnos 
sails throughout the Great Lakes on research and monitoring voyages for NWRI, other 
elements of Environment Canada and the Department of Fisheries and Oceans. 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research and 
development in the aquatic sciences, in 
partnership with the international freshwa- 
ter science community. The twin goals of 
the Institute are to advance scientific 
understanding of national and international 
water issues important to Canada and to 
develop knowledge and authoritative ex- 
pertise on these issues that can be used 
by Environment Canada to influence 
decisions affecting the wise management 
of Canada’s water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each focusing on 
a priority issue. Projects are grouped - 
within three branches, the Lakes Research 
Branch, the Rivers Research Branch, and 
the Research and Applications Branch. 
Current long-term research priorities 
include: toxic chemicals in the Great Lakes 
and the St. Lawrence River; exchange of 
toxic contaminants between air, water, 
sediments, and biota; groundwater con- 
tamination; pesticide contamination in 
rivers; acid rain; lake rehabilitation; and 
aquatic monitoring, ecotoxicology, and risk 
prediction methodologies. 
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The NWRI Digest is the quarterly public 
newsletter of the National Water Research 
Institute, Conservation and Protection, 
Environment Canada. Suggestions, 
comments and further enquiries concerning 
newsletter items are welcomed. Please write 
to the Editor, NWRI Digest, National Water 
Research Institute, P.O. Box 5050, Burling- 
ton, Ontario, Canada L7R 4A6. 
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Aquatic Protection: A National Workshop 


The new Canadian Environmental Pro- 
tection Act (CEPA), together with other 
federal and provincial legislative initia- 
tives, provides the policy framework for a 
modified approach to protecting the Ca- 
nadian aquatic environment. The tradi- 
tional chemical approach used to assess 
pollutant hazards in Canadian waters and 
sediments should be changed to enc..m- 
pass a combination of chemical and bio- 
logical toxicity tests. While the theoretical 
benefits from incorporating biological 
tests and standards into regulations are 
well recognized, there are reservations 
about the current level of scientific knowl- 
edge and practical expertise available to 
formulate and implement such regula- 
tions. 


As a government agency involved in 
ecotoxicological research, we are con- 
scious of the fact that different stakehold- 
ers have differing views on such issues as 
the types of biological tests to be used; the 
uncertainty arising from knowledge gaps; 
the modification of regulatory criteria as 
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knowledge improves; the government 
role in R&D relative to the private sector; 
and the transfer of technology from gov- 
ernment laboratories to the private sector 
and universities. A national workshop, 
hosted by Conservation and Protection 
(C&P), and organized and chaired by 
NWRI, was held April 26-28, 1988, in 
Alliston, Ontario. The workshop, entitled 
“Biology in the New Regulatory Frame- 
work for Aquatic Protection”, was de- 
signed to promote discussion among 
decision makers and experts from all key 
sectors (federal, provincial and municipal 
agencies, industries and private consult- 
ants and laboratories). 


Invited speakers provided an overview of 
biological toxicity methods used in Can- 
ada as they relate to CEPA, the Ontario’s 
Municipal and Industrial Strategy for 
Abatement program (MISA), and the Pest 
Control Products Act. Industry and the 
private consulting sector were invited to 
discuss the benefits, problems and eco- 
nomic opportunities generated by this leg- 
islation. The participants, divided in work- 
ing groups, debated several important 
questions such as the benefits and limita- 
tions of biological toxicity tests as com- 
pared to other possible methods and 
strategies, e.g., the chemical-specific 
approach, and the role of government in 
research and development of biological 
toxicity tests, quality assurance/quality 
control (QA/QC) and monitoring and as- 
sessment. 


Consensus was reached within the work- 
ing groups on the following preliminary 
recommendations: 


@ For regulatory purposes, both laboratory 
and field biological toxicity tests should be 
used in conjunction with chemical methods. 
The ideal protocol for assessment of ecosys- 
tem hazard and dysfunction would be a tiered 
approach: initial screening by short-term 
acute and chronic toxicity tests followed by 
more comprehensive ecotoxicological tests 
involving several trophic levels. 
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@ Inthe case of hazard assessment, itis the 
responsibility of government to set clear and 
precise regulations regarding the use of bio- 
logical toxicity tests. Standard protocols 
should therefore be developed by government 
for those tests that are already well-proven 
and in active use. As new tests become 
available, government should provide match- 
ing standardized protocols. 


@  |n government laboratories, state-of-the- 
art effects assessment research must be 
maintained in support of federal program initia- 
tives, QA activities and contract review func- 
tions. Research results should be transferred 
to the private sector for routine use. 


@ Neither government nor university labo- 
ratories should enter into competition with the 
environmental service sector in the provision 
of routine biological monitoring or testing serv- 
ices to industry. Government should ensure 
appropriate QA/QC while responding to its 
mandated needs. 


@ = Alltoxicologists and laboratories carrying 
out biological toxicity tests should be accred- 
ited. Selfassessment should be the rule 
within industry, but government should be 
responsible for periodic audits. 


@ It is the government's role to assess or 
evaluate the effectiveness of existing regula- 
tions in the receiving environment and to iden- 
tify emerging or unpredicted problems that 
need to be addressed by regulatory agencies. 


@ The maintenance of long-term data sets 
for the biomonitoring of impacts on large areas 
must be conducted by the government and not 
left to industry. 


A full report on the proceedings of the 
workshop will be completed in late fall 
1988 and distributed to interested parties 
upon request. 


Dr. E.D. Ongley 
Director 
Rivers Research Branch 
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RESEARCH NEWS 


Inaugural R.A. Vollenweider Lecture in Aquatic Sciences 


Dr. Curt G. Forsberg, Professor of Limnol- 
ogy and Director of the Institute of Limnol- 
ogy, University of Uppsala, Sweden, was 
the first recipient of the annual NWRI 
Vollenweider Lectureship in Aquatic Sci- 
ences. He delivered his lecture “Limnol- 
ogical Research and Water Manage- 
ment”, on June 8, 1988, to staff from the 
Canada Centre for Inland Waters, and a 
number of visiting scientists from eastern 
Canada. An informal discussion on re- 
search collaboration with universities, 
and a debate on the future of limnology, 
moderated by Dr. J. Barica, Lakes Re- 
search Branch, took place following the 
lecture. 


Dr. Forsberg spent two days at the Model 
Lakes Experimental Site with Dr. J.H. 
Carey, Lakes Research Branch, to famil- 
iarize himself with NWRI field research. 
He also enjoyed a tour of Hamilton Har- 
bour and the Wastewater Technology 
Centre at CCIW. 


The inaugural Vollenweider Lecture was 
considered a success and an important 
milestone in establishing NWRI’s formal 
ties with the international science commu- 


nity. Nominees for the 1989 Lectureship 
will be solicited from the Canadian water 
research community this fall. 


Official presentation to Dr. Curt G. Forsberg of the “R.A. Vollenweider Lectureship in Aquatic 
Sciences”. From left to right: Mr. D.L. Egar, Executive Director, NWAI; Dr. Curt G. Forsberg; 
Dr. R.A. Vollenweider; Mr. D.A. Davis, Director General, Inland Waters. 


Modelling River lce Regimes 


A major research project to develop a 
comprehensive numerical model on river 
ice regimes has been funded under the 
Supply and Services Canada (DSS) 
Unsolicited Proposal Program. The 
broad objective of the project is to produce 
a predictive river ice model capable of 
simulating the complex phenomena of 
water cooling, ice generation, thickening, 
shoving, eroding, melting and break-up. 
Dr. S. Beltaos of the Rivers Research 
Branch has been named scientific author- 
ity for the project. 


The proposal was formulated by aconsor- 
tium of consulting firms (Tecsult, Acres, 
LaSalle Hydraulics Laboratory and Lav- 
alin) assisted by the National Research 
Council of Canada (NRC) Task Force on 
Numerical Modelling of River Ice Condi- 
tions. Total project costs are estimated at 
$1.7 million. Costs willbe shared by DSS, 
the Canadian Electrica! Association, In- 
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land Waters Directorate (IWD), Ontario 
Hydro, New York Power Authority, Mani- 
toba Hydro, Hydro-Québec, Indian and 
Northern Affairs Canada and the Ontario 
Ministry of Natural Resources. 


The private sector participants will have 
primary responsibility for designing, test- 
ing and documenting the model and for 
model simulation. |IWD (Water Planning 
and Management Branch) and NWRI will 
develop the programming and assist the 
private sector in testing and documenting 
the model. The other co-sponsors and 
additional interested agencies will supply 
field data and provide numerical model- 
ling and river ice expertise related to their 
own programs. The NRC Sub-Committee 
on the Hydraulics of Ice-Covered Rivers 
willhave an advisory role and will maintain 
liaison between the project group and the 
large number of potential users of the 
completed model. 


Frazil lce and Winter 
Power Production 


The adhesion of frazil ice to water intakes 
and the formation of anchor ice can, in 
extreme cases, shut down hydro-electric 
facilities. Little is known of the physical 
properties of frazil and anchor ice. A 
better understanding of the physical proc- 
esses would help in managing rivers for 
effective winter power production. Dr. G. 
Tsang, Rivers Research Branch, is cur- 
rently conducting a three-year laboratory 
study of the basic physics of anchor ice 
formation and of frazil ice evolution and 
flocculation with the financial assistance 
of Ontario Hydro. Itis hoped that this work 
will lead to stronger research collabora- 
tion with the industry in support of their 
future needs. 
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Great Lakes Sediment Data Base 


Provincial agencies, conservation au- 
thorities, universities, consulting firms, 
the International Joint Commission, as 
well as various federal departments, often 
need comprehensive data on the bottom 
sediments of the Great Lakes. However, 
access to the 20-year sediment data rec- 
ords within Environment Canada’s 
NAQUADAT data base has been difficult. 
Data retrieval was limited to printed list- 
ings and maps from two separate files, 
only one of which was machine-readable. 
To improve access to this vast set of data, 


Dr. N.A. Rukavina, Lakes Research 
Branch, has just completed a project, 
supported by Conservation and Protec- 
tion’s Baseline Studies Fund, which 
combines offshore and nearshore data in 
a machine-readable file. The new file 
comprises chemical, physical and de- 
scriptive data for more than 4000 samples 
from all of the Great Lakes, including Lake 
Michigan. Selective retrieval of the data is 
possible through the standard retrieval 
programs of NWRI’s SYSTEM 2000 data 
base, or through two specialized retrieval 


programs written specifically for the sedi- 
ment file. The organization of the data in 
aconsistent and readily accessible format 
should increase its utility as a resource for 
research, engineering and assessment 
studies. NWRI’s NAQUADAT data base 
is managed by the Research Support 
Division. Requests for information are 
welcome and should be directed to the 
Head, Computing and Programming 
Services. 


New Analytical Methods 


New and improved analytical methods 
are continually being developed within the 
Analytical Chemistry Project, Research 
and Applications Branch. These methods 
are required to address specific needs of 
water pollution research and monitoring 
programs. 


Reliable alkalinity measurements are 
needed to monitor the effects of acid 
precipitation on aquatic ecosystems. 
Existing procedures are satisfactory for 
hard and medium-hard waters, but have 
serious deficiencies in low alkalinity wa- 
ters. Dr. |. SekerkaandJ.F. Lechner have 
developed a new method for the determi- 
nation of total alkalinity in natural waters 
using flow injection analysis (FIA) with 
conductivity detection. This new method 
is simple, fast, sensitive and reliable, and 
eliminates many of the limitations of exist- 
ing methods. 


Surfactants are widely used in industrial, 
commercial and domestic applications 
and are often discharged into municipal 
and industrial wastewaters. They cause 
foam buildup in rivers and reservoirs, 
reducing oxygen levels in the water and 
thus posing a threat to fish populations. 
Dr. F.I. Onuska and K.A. Terry have de- 
veloped anovel method for the separation 
and quantitative determination of some 
non-ionic surfactants in water (linear al- 
kylene oxide-fatty alcohol condensates), 
using capillary supercritical fluid chroma- 
tography (SFC). Previous techniques for 
the determination of this important group 
of non-ionic surfactants did not provide 
adequate information about their biode- 
gradability. High recoveries and precision 
are obtained with this novel SFC method, 
which allows for selective isolation of both 
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the surfactants and their polyglycol break- 
down products. This is the first time that 
quantitative results using SFC have been 
reported in the field of environmental 
chemistry. 


Synthetic pyrethroids, such as_per- 
methrin, cypermethrin, deltamethrin and 
fenvalerate, are recently developed in- 
secticides used for the control of pests in 
farmlands and on vegetable crops. They 
have been registered in Canada since the 
early 1980s and are being considered as 
potential replacements for organo- 
chlorine, organophosphorus and methyl- 
carbamate insecticides. Pyrethroids are 
less persistent in the environment and 
less toxic to mammals than other insecti- 
cides. They are, however, highly toxic to 
fish and other aquatic organisms. In order 
to protect aquatic ecosystems, it may be 
necessary to monitor pyrethroid levels in 
rivers, lakes and ponds adjacent to areas 
where the insecticides have been applied. 
To this end, a gas chromatographic 
method for the quantitative determination 
of the above mentioned pyrethroids and 
their major metabolites in water samples 
has recently been developed by Dr. H.B. 
Lee and E.A. Kokotich. 
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Toronto Conference 
on the Changing 
Atmosphere 


Dr. R.J. Daley, Chief, Science Liaison 
Division, NWRI, and Dr. V. Klemes, Sen- 
ior Scientist, National Hydrology Re- 
search Institute, Saskatoon, helped to 
plan and conduct the Working Group on 
Water Resources at the late June policy 
conference on the “Changing Atmos- 
phere: Implications for Global Security”. 
The very successful conference, 
organized by Environment Canada’s 
Atmospheric Environment Service, 
brought together 300 prominent scientists 
and policy makers from eight countries to 
recommend actions to reduce the future 
impacts of global air pollution. Dr. Daley 
served as facilitator and Dr. Klemes as 
rapporteur for the water group. 


There was strong consensus that many of 
the most destructive impacts of global 
atmospheric change will be associated 
with changes in regional water resource 
systems. Anurgent action plan, based on 
the principles of global equity, interna- 
tional cooperation, open technology 
transfer and public involvement was rec- 
ommended. Specific proposals were 
made with respect to water resource pol- 
icy, water quality protection and future 
research needs. Copies of the Confer- 
ence Statement and Water Resources 
Working Group Report can be obtained 
from the Editor, NWRI Digest. 
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Sustainable Development of the Waterford 


River Basin 


Water resources in the Waterford Basin, 
Newfoundland, have.been affected by 
urbanization, which can lead to a deterio- 
ration of surface water quality and in- 
creased flood risk. Future urbanization 
relating to offshore oil development may 
aggravate the situation. To mitigate these 
adverse effects and to develop a water 
management plan for the basin, a com- 
prehensive study was jointly conducted 
by Inland Waters Directorate (Atlantic 
Region), Environment Newfoundland and 
NWRI. 


NWRI took the lead role in developing the 
methodology to predict impacts of future 
development on flows in the Waterford 
River. Acontinuous hydrologic simulation 
model was calibrated for the existing 
catchment conditions and then applied to 


future land-use scenarios. Results indi- 
cate that future urbanization, while not 
increasing runoff volume, willincrease the 
incidence of flooding because of in- 
creased speed of runoff. Such increases 
can be counteracted, however, by proper 
management of storm water, including 
runoff detention and preservation of natu- 
ral drainage. 
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Annual Great Lakes Research Conference 


The 31st annual conference of the Inter- 
national Association for Great Lakes 
Research (IAGLR) was held at McMaster 
University, Hamilton, Ontario, in May. 
NWRI co-hosted the meeting with 
McMaster University, the Inland Waters 
Directorate in Ontario Region, and the 
Department of Fisheries and Oceans. 
Thirty-four of the 225 conference papers 
in aquatic physics, chemistry and biology 
were presented by NWRI scientists. Dis- 
cussions at the conference focused on 
four major issues: the environmental 
status of Lake Ontario; future climate 
change and its effects; pollution “hot 
spots” inthe Great Lakes; and research in 


support of the Remedial Action Plan for 
Hamilton Harbour. 


Special sessions were also held on 
“Management Perspectives and Policy 
Coordination in Great Lakes Research”, 
and “Toxic Contaminants: Are We Asking 
the Right Questions?” Both the public and 
the scientific community were invited to 
discuss the latter subject at an evening 
session. The President of IAGLR, Dr. 
K.L.E. Kaiser, Lakes Research Branch, 
presented Dr. P.G. Sly, NWRI scientist 
and past President of IAGLR, with the An- 
derson Everett Award in recognition of his 
continuing contribution to the associa- 
tion’s activities. 


> Da | Ech 


International Collaboration 


Dr. M. A. Donelan, Research and Appli- 
cations Branch, has been selected as a 
Canadian member of the Scientific Com- 
mittee on Oceanic Research (SCOR) of 
the International Council of Scientific 
Unions. Dr. Donelan has also been 
nominated for the position of SCOR Vice- 
President. SCOR is the principal interna- 
tional scientific organization involved in 
ocean research. Its programs encom- 
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pass all disciplines and address many 
issues of importance to Environment 
Canada, including coastal-offshore eco- 
systems, climate change, wave model- 
ling, and experimental ecosystems. Dr. 
Donelan’s participation on SCOR is ex- 
pected to enhance departmental opportu- 
nities for international scientific leader- 
ship on these important issues. 


Deltamethrin Impacts 
in P.E.I. 


The persistence and fate of deltamethrin, 
apyrethroid insecticide, has been studied 
in Prince Edward Island. Deltamethrin 
was carefully sprayed on a small experi- 
mental pond and stream and its disap- 
pearance and degradation monitored 
over time by NWRI scientists. 


The insecticide disappeared quickly from 
the water (half-life of about 1h). Delta- 
methrin was transformed to non-toxic 
stereoisomers through chemical and 
photochemical isomerization and was 
hydrolyzed with subsequent oxidation of 
products. No residues of deltamethrin or 
its four major degradation products were 
found 11 days afterthe spray. Laboratory 
studies indicated that volatilization from 
the water microlayer surface was very 
fast, suggesting that this process may be 
the major route of dissipation for this in- 
secticide and other similar lipophilic pes- 
ticides when sprayed on water. 


Although the NWRI study demonstrated 
very low persistence of deltamethrin in 
water, retention and strict enforcement of 
the 100-m buffer zone between sprayed 
fields and water bodies is recommended 
because of the extremely high toxicity of 
deltamethrin to aquatic organisms. 


Reference 


Maguire, R.J., J.H. Carey, J.H. Hart, R.J. Tkacz and 
H.B. Lee (1988). Persistence and fate of deltamethrin 
sprayed on a pond and stream in Prince Edward 
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EK WS 


The International Association of Water 
Pollution Research and Control has 
formed a specialist group to support stud- 
ies on hazard assessment and control of 
environmental contaminants. Dr. J.H. 
Carey, Chief of the Nutrient/Contaminant 
Interactions Project, Lakes Research 
Branch, is one of two Canadian appoint- 
ees to the group. The group will foster 
better communications of new methods 
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for monitoring contaminants and for pre- 
dicting their fate and effects in the environ- 
ment. The long-term objective of the 
group is to optimize contaminant control 
systems on a global basis. 


Anne Guillaume, research scientist at 
the Direction de la Météorologie Nationa- 
le in Paris, France, will be a guest scien- 
tist at NWRI until November 1988. Ms. 
Guillaume, who is in charge of French 
wave modelling and forecasting efforts, 
will collaborate with Dr. M.A. Donelan of 
the Research and Applications Branch. 


Results from NWRI’s wave measurement 
program at the coastal research tower in 
Lake Ontario will be used to improve the 
physics of the French wave model “VAG”. 
Concurrently, a wave propagation 
scheme will be added to NWRI’s wave 
model so that it can be applied to water 
bodies where wave swell is significant. 
This initiative is part of the bilateral scien- 
tific program between France and 
Canada. 


Jian Hua Weng of the Water Quality 
Research Centre, Beijing, People’s Re- 


public of China, is spending a year as a 
guest scientist with Rivers Research 
Branch. Mr. Weng’s specialties are syn- 
thetic and physical organic chemistry and 
the chemistry of air pollutants. At the 
Water Quality Research Centre, he is 
engaged in water quality analysis and 
assessment, wastewater treatment, and 
research on the kinetics of degradation of 
xenobiotics. Mr. Weng will collaborate 
with Drs. R.J. Maguire and D.L.S. Liu on 
the aquatic persistence and fate of dye- 
stuffs in the Yamaska River basin, Que- 
bec. 


| PUBLIC AWARENESS 


Children’s Environmental Festival 


As part of Environment Week 1988, 
NWRI hosted a major children’s environ- 
mental festival. The festival, which ran 
from May 30 to June 5, was organized by 
“Public Focus” a Toronto-based, non- 
profit group dedicated to educating chil- 
dren about environmental problems and 
their solutions. NWRI helped to plan the 
festival and provided full on-site logistical 
support. 


Approximately 5000 grade 4, 5 and 6 
students from Burlington, Oakville and 
Hamilton visited the festival, enjoying the 
various activities and the excellent 
weather. Another 3000 members of the 
general public visited the festival during 
the weekend. 


Six large tents erected on grassland 
alongside the Skyway Bridge were used 
to house bright and easy-to-understand 
displays and action games such as “Envi- 
ronmental Twister” and the “Recycling 
Relay Race”. There was also a puppet 
show and two troubadours singing envi- 
ronmental songs. 


Displays were also situated in the main 
mall of CCIW and environmental plays 
were presented in the Auditorium. The 
festival, which stressed the theme “Make 
a Difference in Your World”, was praised 
by teachers, school boards and local 
community leaders as an effective and 
entertaining way to promote environ- 
mental awareness. NWRI hopes to wel- 
come the festival back again next year. 


NWAI Digest 


Royal Visit to NWRI 


Her Majesty Queen Beatrix and His Royal 
Highness Prince Claus of the Netherlands 
visited the National Water Research Insti- 
tute on Friday, May 13. Inclement 
weather notwithstanding, their visit was 
clearly a great success. The royal visitors 
were welcomed by the Honourable Tom 


Her Majesty Queen Beatrix and His Royal Highness 


McMillan, Minister of the Environment, 
and were provided with a briefing on re- 
search conducted at the Canada Centre 
for Inland Waters by Dr. R.J. Allan, Direc- 
tor, Lakes Research Branch, with special 
emphasis given to the many collaborative 
activities that occur between Canada and 
the Netherlands. The royal 
couple indicated a keen interest 
in the variety of research dis- 
plays presented in the Hydrau- 
lics Laboratory. Her Majesty 
was impressed by the warmth of 
her welcome to the Centre. 


Advice to Marathon Swimmer 
Vicki Keith 


Advice from NWRi staff was 
sought on several occasions by 
members of the Coaching Team 
for marathon swimmer Vicki 
Keith during her swim across all 
five Great Lakes this summer. 
Information was provided on 
currents, waves and water tem- 
peratures. NWRI applauds 
Vicki's accomplishment and is 
proud to have assisted her in 
reaching her fund-raising goal 
for a swimming pool for physi- 
cally disabled children. 


Prince Claus observe demonstration of robot used in 


NWAl'’s analytical chemistry laboratories. 
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RESEARCH FOCUS 


Nearshore/Offshore Interactions Project 


Most environmental contaminants enter 
our lakes from local sources, e.g., effluent 
pipes or polluted tributaries. Once in the 
nearshore waters, these contaminants 
are dispersed into offshore waters by a 
variety of complex and poorly understood 
mechanisms. They are incorporated into 
food chains, volatilized into the atmos- 
phere, degraded or buried with sedi- 
ments, or transported with currents. For 
instance, mirex, an insecticide and flame 
retardant, entered Lake Ontario from the 
Niagara and Oswego rivers. Mirex is now 
found throughout Lake Ontario and at 
near uniform concentrations in most fish 
species, waterfowl and shore birds. Fur- 
thermore, mirex has been detected down 
the full length of the St. Lawrence River 
into the St. Lawrence estuary, where it is 
present and perhaps bioaccumulating in 
Beluga whales. 


When taken individually, the various proc- 
esses controlling the fate and effects of 
contaminants are relatively easy to meas- 
ure in the laboratory. In nature, however, 
these processes are occurring simultane- 


Smart acoustic current meter (SACM), optical 
transmissometer and sediment trap being 
prepared for mooring on the bottom of Lac St- 
Pierre in the St. Lawrence River to obtain data 
on currents and suspended sediment trans- 
port. 
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ously, often in concert or competition with 
each other. Moreover, their relative im- 
portance and rates can be influenced by 
many factors, e.g., pH, wave action and 
biological growth. Rapid fluctuations of 
these factors are most noticeable in the 
nearshore waters. As a result, contami- 
nant pathways in these waters are more 
difficult to understand. 


The objective of the Nearshore/Offshore 
Project within Lakes Research Branch is 
to combine physical, chemical and limnol- 
ogical expertise with chemical and bio- 
logical expertise to assess the transfer, 
degradation, adsorption, volatilization, 
burial, resuspension and biological im- 
pacts of contaminants in this important 
but poorly understood zone. Modelling is 
a major aspect of the project, which in- 
cludes both physical hydrodynamics and 
chemical prediction through quantitative 
structure activity relationships (QSAR). 
Research is conducted in the St. Law- 
rence River, its lakes and estuary, and in 
the Laurentian Great Lakes Connecting 
Channels. 


St. Lawrence River 


Project studies are done principally in the 
riverine lakes and the upper estuary of the 
St. Lawrence River and focus on locating 
major sources of contaminants and on the 
establishment of mass balance budgets 
for critical contaminants. Water, sus- 
pended sediments and bottom sediments 
are analyzed to obtain concentration pro- 
files of organic and inorganic contami- 
nants. Sedimentation and resuspension 
rates are measured. The distribution and 
abundance of yeasts and fungi, which 
degrade contaminants, are monitored. 
Finally, the biomagnification of contami- 
nants in the estuarine food chain is being 
examined, in collaboration with research- 
ers from Laval University, Québec. 


Recent preliminary data have indicated 
the presence of significant sources of 
tetrachloroethylene and other volatile 
halocarbons (VHCs) along the St. Law- 
rence River. ‘“Microtox” toxicity tests 
show low to moderate toxicity at several 
sites near major industrial outfalls to the 
river. Concentrations of the toxic trace 


metal cadmium are also higher immedi- 
ately downstream of Montréal. 


Great Lakes Connecting Channels 


Recent research has been done in re- 
sponse tothe requirements of the bilateral 
agreement on the Upper Great Lakes 
Connecting Channels. The episodic na- 
ture of sediment movements generated 
by turbulence and horizontal currents in 
Lake St. Clair, and the resultant effect on 
contaminant transport have been care- 
fully studied. Comprehensive reports on 
Lake St. Clair and the Detroit River are 
presently being written by an international 
team which includes several members of 
the Project. 


A new physical method, the flux diver- 
gence method, has been developed to 
account for general horizontal advection 
in Lake St. Clair. Field measurements 
and modelling were used to assess the 
river plume. The key factors controlling 
contaminant distribution in the river plume 
are contaminant partition coefficients and 
the concentrations of suspended solids. 


Theoretical Concepts and 
Methodologies 


Theoretical and applied research is re- 
quired to fully interpret field data and to 
anticipate future problems. For these 
purposes, the project is studying the 
quantitative structure activity relation- 
ships (QSAR) of contaminants in environ- 
mental pathway and risk assessment 
modelling. Methodologies for trace metal 
analysis are also explored. 


QSAR of contaminants have been inves- 
tigated in the Lakes Research Branch for 
several years. QSAR is simply a means 
to calculate and predict the environmental 
behaviour, persistence and toxicity of a 
given chemical using known properties of 
chemically related compounds. This 
technique is gaining importance in the 
assessment of new pesticides and bio- 
logically active compounds. It is also very 
useful for environmental protection pur- 
poses. Environmental simulation mod- 
els, such as TOXFATE developed at 
NWRI, need physical and chemical infor- 
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mation on contaminants which are fre- 
quently unknown. Reliable methods to 
estimate these physical and chemical 
properties are required because their 
measurement would be too costly. Re- 
cently, TOXFATE research has demon- 
strated its ability to predict the unusually 
high toxicity of certain derivatives with 
substituted nitrobenzene and aniline. A 
newer version of TOXFATE was also 
developed to simulate and to predict 
environmental pathways in Lake St. Clair 
and in the Toronto waterfront area. 


Trace metal levels in offshore water are 
difficult to measure accurately. The dust 
particles present in the air of analytical 
laboratories contribute to the present 
uncertainty about the true metal levels in 
water. To remedy the situation, a special 
clean laboratory is being built by the 
Nearshore/Offshore Project for the analy- 
sis of toxic metals in water. The new 


laboratory will be equipped with special 
air filters which will reduce the dust par- 
ticles by a factor of one thousand. 


Project Chief: K.L.E. Kaiser 

Study Leaders: E. Halfon, P.F. Hamblin, 
K. Kwasniewska, C.R. Murthy, 

J.O. Nriagu 

Project Team: K.C. Miners, 

D.G. Robertson, R.D. Coker M.E. Comba, 
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Halfon, E.and R. Bruggemann. 1988. Environmental 
hazard ranking of chemicals spilled in the Rhine River 
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ogica. In press. 


Hamblin, P.F., Y.M.R. Marmoush and F.M. Boyce. 
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meter based vertical profiles. J. Geophysical Res. 
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Quality Assurance Project 


The use of analytical chemical data is 
essential in almost every aspect of 
aquatic environmental protection. Chemi- 
cal data are used for impact assessment, 
the establishment of water quality criteria 
and standards, monitoring sewage treat- 
ment effectiveness, and water quality 
surveillance and regulation. Decisions 
that result from these data can have far- 
reaching impacts on society. Data accu- 
racy, therefore, is of critical importance. 


The QA Project, in the Research and 
Applications Branch, plans, coordinates 
and implements quality assurance and 
control programs to ensure accuracy, 
comparability and reliability in analytical 
data. It also develops Certified Reference 
Materials (water, sediments and biota) for 
use in quality assurance, analytical 
method research and environmental as- 
sessment studies. Other project activities 
include the development of management 
plans for quality assurance; advising on 
field, laboratory and data management 
quality control procedures; and the design 
and implementation of interlaboratory 
comparisons. 


The objective of the QA project is to pro- 
vide leadership for aquatic quality assur- 
ance programs in Environment Canadain 
order to ensure that analytical data are 
generally of good and comparable quality. 
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The interpretation of such data enables 
Environment Canada to provide scientific 
advice on conservation and abatement 
strategies. The long-term goal of the QA 
project is to assist with the development of 
a comprehensive national freshwater QA 
program. 


Quality Assurance Studies 


Environmental research, monitoring and 
assessment programs utilize large quan- 
tities of analytical chemical data from a 
variety of sources. These data must be of 
acceptable quality and comparable on a 
regional, national and international basis. 
As part of the QA project, the following 
programs have been developed and 
conducted for major national and interna- 
tional studies: 


« A three-year multi-agency QA pro- 
gram forthe binational Upper Great Lakes 
Connecting Channel Surveillance Pro- 
gram was completed this year. The 
Quality Management Work Group was 
generally successful in ensuring the pro- 
duction of quality data for the program. A 
total of 13 interlaboratory studies were 
carried out to help participating laborato- 
ries identify and correct quality control 
problems. Several data review reports on 
interlaboratory performance assess- 
ment, and a final report with recommen- 
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Toxicology—ll. D. Reidel Publ. Co., Dordrecht, Hol- 
land, ISBN 90-277-2555-1. 


Lum, K.R., P.R. Youakim and C. Jaskot. 1987. 
Geochemical availability of lead and zinc in the Upper 
Estuary of the St. Lawrence River. Proc. 6th Int. Conf. 
on Heavy Metals, New Orleans, La., 378-382. 


Lum, K.R. and K.L.E. Kaiser. 1986. Organic and 
inorganic contaminants in the St. Lawrence River: 
some preliminary results on their distribution. Water 
Poll. Res. J. Can. 21: 592-603. 


Murthy, C.R., K.C. Miners and J.E. Sandall. 1987. 
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Nriagu, J.O. 1988. Asilent epidemic of environmental 
metal poisoning? Environ. Pollut. 50: 139-161. 


Nriagu, J.O. and J.M. Pacyna. 1988. Quantitative 
assessment of worldwide contamination of the air, 
water and soils with trace metals. Nature (London) 
333: 134-139. 


Ribo, J.M. and K.L.E. Kaiser. 1987. Photobacterium 
phosphoreum toxicity bioassay, |. Test procedures 
and applications. Toxicity Assessment 2: 305-323. 


dations relevant to future multi-agency, 
international surveillance programs have 
been produced. 


¢ Abinational QA program for the Long 
Range Transport of Airborne Pollutants 
(LRTAP) Project has been operating 
since 1982. For this program, three large 
QA studies for major ions and nutrients 
are conducted annually. In addition, 
computer programs have been devel- 
oped to provide information on laboratory 
performance and data quality. The num- 
ber of laboratories participating in this 
program has increased considerably 
since 1982. 


¢ — Activities are continuing for two other 
national QA programs—the Federal/Pro- 
vincial Water Quality Agreements and the 
Prairie Provinces Water Board. Monthly 
interlaboratory QA studies are conducted 
and six data summaries and six final re- 
ports are sent to participants on an annual 
basis. In addition, the Prairie Provinces 
Water Board receives an annual inte- 
grated report on laboratory performance. 


¢« Three QA studies for the Interna- 
tional Joint Commission’s Great Lakes 
International Surveiliance Program are 
designed and conducted annually for 
organic and inorganic parameters in wa- 
ter and sediment. 
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* Anew three-year binational QA pro- 
gram has been specifically designed and 
conducted to evaluate the Eulerian acid 
deposition models based on comparison 
with field observations. 


Research on Reference Materials 


Certified Reference Materials (CRMs) 
and Reference Materials (RMs) are im- 
portant tools in assessing the quality of 
data in both research and operational 
studies. As part ofthe QA Project, aseries 
of RMs for water analysis and CRMs for 
sediment analysis have been developed. 
Since 1975, over 20 RMs and 5 CRMs 
have been developed for organic and 
inorganic parameters, including several 
of the world’s first lake sediment CRMs for 
polynuclear aromatic hydrocarbons 
(PAHs), chlorobenzenes, polychlorinated 
biphenyls (PCBs) and selenium. These 
RMs and CRMs were developed to as- 
sess the performance of various interna- 
tional, national and interdepartmental 
laboratory programs and to assist labora- 
tories in obtaining more reliable and 
compatible data for trace elements and 
toxic organic chemicals in sediments and 
water. 


The development of CRMs for different 
materials and additional classes of pollut- 
ants is under way. This includes investi- 
gating existing RMs for their suitability as 
CRMs, as well as researching a wide 
range of new materials with different 
matrices containing different coextrac- 
tives, levels of interferences and classes 
and levels of pollutants of interest. Ulti- 
mately, a wide variety of CRMs will be 
available, each yielding a different degree 
of analytical difficulty. Currently, a unique 
sediment RM is being developed for use 
as a multi-component and multi-class 
CRM for organics. 


An active program to market the products 
and expertise of the QA Project has also 
begun. The first step has been to adver- 
tise the availability of the CRMS devel- 
oped and prepared by the group. 


Project Chief: A.S.Y. Chau 

Study Leaders: K. Aspila, Y. Stokker, 
H. Alkema 

Project Team: N. Arafat, W. Li 
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Stokker, Y.D. and A.S.Y. Chau. 1988. Summary 
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chlorophenols in natural waters. RAB Technical 
Report No. 88-07. 


Lee, H.-B., G. Dorkhran and A.S.Y. Chau. 1987. 
Analytical Reference Materials, Part VI. Develop- 
ment and certification of a sediment reference mate- 
rial for selected polynuclear aromatic 

hydrocarbons. Analyst 112: 31-35. 


Lee, H.B. and A.S.Y. Chau. 1987. Analytical Refer- 
ence Materials, Part Vil. Development and certifica- 
tion of a sediment reference material for total poly- 
chlorinated biphenyls. Analyst 112: 37- 40. 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a na- 
tional program of original research and 
development in the aquatic sciences, in part- 
nership with the international freshwater 
science community. The twin goals of the 
Institute are to advance scientific under- 
standing of national and international water 
issues important to Canada and to develop 
knowledge and authoritative expertise on 
these issues that can be used by Environ- 
ment Canada to influence decisions affect- 
ing the wise management of Canada’s water 
resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each focusing on 
a priority issue. Projects are grouped within 
three branches, the Lakes Research 
Branch, the Rivers Research Branch, and 
the Research and Applications Branch. 
Current long-term research priorities in- 
clude: toxic chemicals in the Great Lakes 
and the St. Lawrence River; exchange of 
toxic contaminants between air, water, sedi- 
ments, and biota; groundwater contamina- 
tion; pesticide contamination in rivers; acid 
rain; lake rehabilitation; and aquatic moni- 
toring, ecotoxicology, and risk prediction 
methodologies. 


Lee, H.-B., Y.D. Stokker, N. Arafat and A.S.Y. Chau. 
1987. Preservation of Organics. Part Il. Stability of 
chlorophenols in preserved national water samples. 
NWRI Contribution No. 87-123. 


Li, W.C., H.B. Lee and A.S.Y. Chau. 1987. Preserva- 
tion of Organics. Part Ill. Stability of chlorophenols in 
preserved fish homogenates. NWRI Contribution No. 
87-125. 


Lawrence, J., K.I. Aspila and A.S.Y. Chau. 1988. 
Metrological quality assurance in environmental 
measurements. In: Proc. Environmental Metrology 
Symp., Helsinki, Finland, August 1988. 


CLARIFICATION 


In the March 1988 issue of NWRI Digest, p. 
6, the article on the Contaminants Project 
may have left the erroneous impression 
that Agriculture Canada had formally an- 
nounced on October 26, 1987 a limited ban 
on the use of tributyltin-containing antifoul- 


ing paints. In fact, Agriculture Canada only 
announced a proposed ban and is pres- 
ently drafting a discussion document for 
public consultation. After the consultations 
are complete, Agriculture Canada will an- 
nounce its conditions of registration for 
tributyltin under the Pest Control Products 
Act. 
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NWRI AND GLOBAL ATMOSPHERIC CHANGE 


Chemical alteration of the earth’s at- 
mosphere is broadly acknowledged 
to be a critically serious problem that 
threatens global environmental secu- 
rity, including the quality and quantity 
of our freshwater resources. The 
issue is a complex one involving cli- 
mate change induced by “green- 
house” gases, together with ozone 
depletion, acid rain and the long- 
range transport of persistent toxic 
chemicals (“toxic rain”). 


Atlast summer's landmark world con- 
ference on The Changing Atmos- 
phere in Toronto, a multinational 
Working Group on Water Resources, 
co-organized by NWRI, examined the 
threats to global water resources. 
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They agreed that many of the most 
destructive impacts of atmospheric 
change will occur through disruptions 
to regional water systems and that 
these changes are taking place 
against a backdrop of existing water 
crisis in many areas of the world. The 
group concluded that without in- 
creased knowledge, through re- 
search, and new initiatives in national 
and international water resource 
management, global atmospheric 
change could threaten the very ca- 
pacity of natural water systems to 
support sustainable human develop- 
ment. 


NWRI’s scientists share this concern 
and sense of urgency. Our scientific 
involvement in this issue can be 
traced back to the initiation of major 
research programs on the water 
quality impacts of acid rain and, more 
recently, toxic rain and climate 
change. Our acid rain efforts are 
currently focussed on the synthesis of 
previous research on critical pro- 
cesses of watershed acidification and 
recovery, and on aquatic resources- 
at-risk. The results will form part of a 
national LRTAP (long range transport 
of airborne pollutants) assessment, 
due for completion in 1990, in support 
of policy formulation and international 
negotiations. 


With respect to toxic rain, our scien- 
tists are investigating the major fac- 
tors controlling the exchange of vola- 
tile toxic compounds across the air- 
water interface — accurate exchange 
measurements are needed to quan- 
tify the impacts of toxic rain on aquatic 
ecosystems. A unique recirculating 
wind-wave flume has been con- 
structed in the NWRI Hydraulics 
Laboratory for these long-term ex- 


periments. The flume is completely 
sealed so that contaminant concen- 
trations in water and air can be meas- 
ured separately and related to wind 
speed, wave conditions and other 
factors. 


The climate change program at NWRI 
is new and relatively small, but will 
grow as changes in regional climate 
and hydrology, which trigger ecologi- 
cal changes in aquatic ecosystems, 
become better understood. At pres- 
ent, computer simulation models are 
being developed to evaluate the long- 
term effects of climate warming onthe 
physical dynamics (temperature and 
circulation patterns) of lakes, particu- 
larly the Laurentian Great Lakes. 
Proxy data onchanges inpastclimate 
are also being obtained from 
paleoenvironmental studies of fossil 
invertebrates in lake sediments. Most 
recently, institute scientists have 
joined a multi-agency research proj- 
ect, organized by CIRAC (the Cana- 
dian Institute for Research in Atmos- 
pheric Chemistry), on the role of 
methane exchange from Canadian 
wetlands in global climate change. 
Lastly, to define the issue more 
clearly, we are planning to host a 
national symposium on the impacts of 
climate change on water quality and 
lake ecosystem processes within the 
next year. 


In allof these activities, NWRI is com- 
mitted to effective research and na- 
tional leadership in understanding the 
water management implications of 
atmospheric change. 


Ralph J. Daley 
Chief 
Science Liaison Division 
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Conference 


Drs. R.A. Vollenweider and R.J. Allan of 
NWRI delivered plenary speeches at the 
“Third International Conference on the 
Conservation and Management of 
Lakes”, held in Keszthely, Hungary, in 
September. Dr. Vollenweider reviewed 
the progress in understanding and con- 
trolling eutrophication, while Dr. Allan pro- 
vided an assessment of the extent and 
trends of toxic chemical contamination in 
major lakes around the world. Along with 
three other NWRI papers, the plenary 
lectures affirmed the advanced level of 
applied research and water management 
integration in Canada. These confer- 
ences are held every two years under the 
auspices of the International Lake Envi- 
ronment Committee (ILEC) Foundation, 
based in Japan. 


New Multi-class, 
Multi-residue 
Herbicide Method 


In response to a request from Inland 
Water Directorate’s Water Quality 
Branch, Western and Northern Region, a 
multi-class, multi-residue method for the 
quantitative analysis of ten acid and six 
neutral herbicides in sediments has been 
developed by Y. Stokker, Research and 
Applications Branch. The extensive use 
of these herbicides in Western Canada 
has given the regional laboratories cause 
for concern because of the known toxicity 
and persistence of both the parent herbi- 
cides and their metabolites. Large num- 
bers of samples have to be processed in 
support of regional surveillance and 
monitoring programs. Considerable 
sampling and analysis time is saved using 
the new method because the sample is 
extracted once and the extract analyzed 
for both acid-type herbicides (phenoxyal- 
kanoic acids) and the neutral type herbi- 
cides (carbamates, ureas and esters). 


Reference: Stokker, Y.D. 1988. Method for the 


analysis of acid and neutral herbicides in sediments. 
NWRI Contribution No. 88- 67. 
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Emergency Response to Saint-Basile-le-Grand 


PCB Fire 


On Tuesday, August 23, 1988, a PCB 
storage warehouse in Saint-Basile-le- 
Grand, Quebec, erupted into flames, forc- 
ing the evacuation of more than 3000 area 
residents because of possible contamina- 
tion of the surrounding area. To monitor 
contamination levels, samples from 
homes and surrounding soil and water 
were collected and analyzed by federal, 
provincial and private sector laboratories. 


Staff from the Analytical Chemistry and 
the Quality Assurance projects, Research 
and Applications Branch, worked around 
the clock in cooperation with the National 
Water Quality Laboratory to provide a 
coordinated analytical response to the 
Saint-Basile-le-Grand PCB fire. Several 
hundred hours of effort were contributed 
by scientists to this urgent and sensitive 
situation. Staff undertook the prepara- 
tion, cleanup and analysis of water, sedi- 


ment and swab samples for PCBs, diox- 
ins and furans, as well as the design and 
implementation of an appropriate quality 
assurance program, including the use of 
certified PCB sediment reference materi- 
als. 


The Clean and Hazardous Chemical 
Laboratory of the Research and Applica- 
tions Branch was totally committed to 
determining the extent of dioxin/furan 
formation and the associated level of con- 
tamination, as a result of the combustion 
of the PCBs. Selected soil samples from 
the fire site were collected and processed 
for use in an interlaboratory quality assur- 
ance (QA) study, designed and con- 
ducted by the QA group. The study en- 
sured that critically needed comparability 
was established among the various labo- 
ratories generating the analytical data on 
levels of contamination. 


Leeches and Chlorophenol Pollution 


Scientists of the Rivers Research Branch 
and the Ontario Ministry of the Environ- 
ment (MOE) have successfully used 
leeches to assess the impact of chloro- 
phenols in waters. The use of chlorophe- 
nols as slimicides in pulp and paper mills 
was suspended in 1981, but chlorophe- 
nols are still produced during the pulp 
bleaching process and released to the en- 
vironment. They are also used in large 
quantity for short- and long-term preser- 
vation of lumber. 


In their field trials, J.L. Metcalfe (NWRI) 
and A. Hayton (MOE) exposed caged 
leeches above and below a pulp and 
paper mill complex on the Rainy River 
(Northwestern Ontario) and near a wood 
preserving plant in Thunder Bay Harbour. 
Leeches were selected because earlier 
field and laboratory studies at NWRI re- 
vealed that leeches have unusually high 
bioconcentration capacities and slow 
elimination rates for chlorophenols. The 
study found that concentrations of chloro- 
phenols were elevated above pre-expo- 


sure levels in leeches caged over 100 km 
downstream of the pulp mill complex, 
even though chlorophenols could not be 
detected in water or suspended solids. 
Tissue residues of chlorophenols in 
caged leeches also provided information 
onthe origin, distribution and bioavailabil- 
ity of chlorophenols discharged from the 
wood preserving plant on Thunder Bay 
Harbour. 


As a result of this study, MOE’s Water 
Resources Branch has started to use 
leeches in routine monitoring whenever 
chlorophenol pollution is suspected. This 
represents a successful transfer of tech- 
nology from NWRIto a provincial agency. 


References 
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Ville Mercier Aquifer 
Decontamination 


Ville Mercier, located 20 km south of 
Montreal, has had serious aquifer con- 
tamination since the early seventies when 
large quantities of industrial waste were 
discharged into an abandoned gravel pit. 
Contaminants present in the landfill site 
include, among others, volatile organics, 
chlorinated organic solvents and traces of 
PCBs, PAHs and phenols. 


The federal government, under Supply 
and Services Canada’s Unsolicited Pro- 
posal Program, recently awarded a con- 
tract to a consortium composed of SNC 
Inc. and Laval and Sherbrooke universi- 
ties to decontaminate the Ville Mercier 
aquifer. The project involves a detailed 
hydrogeological investigation of the site 
and construction of a pilot water treatment 
plant to be run in parallel with an existing 
plant that has proven largely ineffective in 
the removal of chlorinated organics. The 
Wastewater Technology Centre at CCIW 
will serve as Scientific Authority for the 
project, and Drs. R.E. Jackson and S. 
Lesage of the Groundwater Contamina- 
tion Project, Rivers Research Branch, will 
oversee the hydrogeological work of Pro- 
fessor P. Gélinas and the analytical work 
of Dr. C. Roy (both at Laval University). 
NWRI and Laval University will also col- 
laborate on the characterization and initial 
analysis of water pumped from the landfill 
site and NWRI will conduct a quality as- 
surance program for the analyses carried 
out at Laval. 


Athabaska River Tar 
Sands Project 


The Rivers Research Branch recently 
received approval from the interdepart- 
mental Panel on Energy R&D (PERD) to 
commence a major four-year study on 
aquatic effluents arising from tar sands 
and heavy oil operations on the Ath- 
abasca River. The collaborative study 
with Environmental Protection, Western 
and Northern Region (W&NR), was de- 
veloped in response to regional priorities, 
and will focus on the pathways, fate and 
effects of effluents. A major goal is the 
development of predictive models for ef- 
fluent assessment and ambient monitor- 
ing in the oil and gas industry. The study 
will be managed jointly by W&NR and 
NWRI staff. 
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Northern Wetlands 
Project 


Methane is a “green house” gas involved 
in global climate change. The concentra- 
tion of methane has doubled since the 
nineteenth century and is presently in- 
creasing at 1% per year. The reasons for 
this increase are poorly understood, but 
some estimates support that anaerobic 
processes in wetlands could account for 
15 to 40% of the emissions. Because 
Canada’s Hudson Bay Lowlands contain 
one of the largest wetland areas in the 
world, they will be the focus of a major 
interdisciplinary and inter-agency study, 
developed by the Canadian Institute for 
Research in Atmospheric Chemistry 
(CIRAC), to quantify their contribution to 
the methane cycle. Dr. W.A. Gloo- 
schenko, Lakes Research Branch, has 
been appointed Project Coordinator for 
this Northern Wetlands Project which in- 
cludes participation by the Atmospheric 
Environment Service, Agriculture Can- 
ada, the National Research Council of 
Canada, Ontario Hydro and the universi- 
ties of Guelph, McMaster, Western 
Ontario, Manitoba, McGill, Saskatche- 
wan and York. Significant involvement by 
NWRI’s Air/Water Interactions Project is 
also expected in research studies on the 
organic carbon and sulphur cycles. The 
project will establish three field research 
sites as well as an extensive aerial surveil- 
lance project in collaboration with U.S. 
scientists from NASA. A major field pro- 
gram is planned for 1990 with data analy- 
sis continuing through 1991-1992. 

For further details contact Dr. W.A. 
Glooschenko at (416) 336-4786. 


Québec Conference 
on River and Estuary 
Toxic Chemical 
Pollution 


The international symposium onthe “Fate 
and Effects of Toxic Chemicals in Large 
Rivers and Their Estuaries”, held in 
Québec last October, proved to be an 
important event in the melding of environ- 
mental research interests and public 
concern over the health of our large rivers, 
particularly the St. Lawrence. The confer- 
ence was organized by Dr. RJ. Allan, 
Lakes Research Branch, and Dr. P.G.C. 
Campbell, INRS-Eau, who invited front- 
line scientists from 20 countries to present 
recent research results and overviews of 
river pollution issues in their regions. 


A significant number of the papers con- 
cerned the St. Lawrence system. Over a 
third of these were authored or co- 
authored by NWRI researchers. Partici- 
pation by senior federal and provincial 
politicians (The Hon. Lucien Bouchard, 
Secretary of State of Canada, and The 
Hon. Clifford Lincoln, Quebec Minister of 
Environment), as well as public concern 
for the health of the St. Lawrence and its 
estuary, produced intensive national and 
local media coverage. A major theme of 
the researchers’ comments was the need 
to design interdisciplinary studies that 
permit both freshwater and marine scien- 
tists to work together in the most complex 
aquatic ecosystem in the world: the large 
river/estuary environment. 


Hydraulics Laboratory Industrial Contracts 


@ A cost-recovery contract to deter- 
mine the effect of down-sizing a precast 
erosion control product known as “mini- 
slabs” has been completed by P. Engel of 
the Hydraulics Laboratory, Research and 
Applications Branch, for Lafarge Con- 
struction Materials (Calgary, Alberta). 
“Mini-slabs” are slotted concrete blocks 
(430 mm x 430 mm x 100 mm), which are 
linked together to form a matrix on drain- 
age channel surfaces subject to erosion. 
The effectiveness of the interlocking 
matrix was assessed by determining the 
mean flow velocity in open channel flow 
which the blocks could withstand without 
failing. 


@ Sandwell Swan Wooster Inc. was re- 
tained to design an inner rip-rap breakwa- 


ter for a new marine project at Port Col- 
borne, Ontario. The marina breakwater 
would be protected from Lake Erie waves 
by an existing outer harbour breakwater. 
Under design conditions, however, the 
outer breakwater is overtopped and wave 
energy is transmitted toward the inner 
harbour and marina. Through a cost- 
recovery contract, the Hydraulics Labora- 
tory determined the design wave and 
investigated the design cross-section of 
the marina breakwater for Sandwell Swan 
Wooster Inc. A model of typical breakwa- 
ter sections of the outer breakwater was 
constructed in the wind-wave flume and 
used to successfully characterize both the 
wave energy that overtops the breakwa- 
ter and the response of the inner rip-rap 
breakwater to overtopping. 
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Radio Immunoassay 
Method for Dioxins 


A modified radio-immunoassay (RIA) 
method for the rapid detection of poly- 
chlorinated dibenzo-p-dioxins in environ- 
mental samples has been developed by 
Dr. J.P. Sherry, Research and Applica- 
tions Branch. The RIA procedure is a 
rapid screening test that can improve 
analytical efficiency and reduce costs for 
determining dioxins in environmental 
samples. The assay is relatively sensi- 
tive, reproducible and amenable to auto- 
mation, and should prove useful in envi- 
ronmental surveillance and monitoring 
programs. A detailed description of the 
. method has been prepared as an aid to 
analysts implementing the technique for 
routine laboratory use. 


Reference: Sherry, J.P., J. Apsimon, L. Colier, 
B.K. Afghan and P.W. Albro. 1988. Radioimmunoas- 
say for the detection of polychlorinated dibenzo-p- 
dioxins in environmental samples: method descrip- 
tion. NWRI Contribution No. 88-73. 


Windermere Basin— 
Physical Model Study 


Windermere Basin, located in the 
southeast corner of Hamilton Harbour, 
evolved into an enclosed body of water 
due to landfill at the southern end of the 
harbour between 1954 and 1972. Subse- 
quent accumulation of solids from Redhill 
Creek and other sources resulted in ex- 
posed, contaminated mud flats and poor 
aesthetic qualities. After considerable 
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Dr. W.G. Booty has recently joined the 
LRTAP Project, Rivers Research Branch, 
as part of the research revitalization pro- 
gram. Dr. Booty will work on reviewing 
and verifying several acid rain models for 
the Canadian LRTAP assessment due in 
1990. He will also be developing and 
applying toxic chemical fate and effect 
models and will be involved in Turkey 
Lakes watershed studies. Before coming 
to NWRI, Dr. Booty was Assistant Profes- 
sor in the Department of Environmental 
Engineering at Clarkson University, 
Postdam, N.Y. 


Dr. S.A. Daniels has joined the Analytical 
Chemistry Project team, Research and 
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international Trace Metals Conference 


The first “International Conference on 
Trace Metals in Lakes” was held at 
McMaster University, Hamilton, from 
August 14 to 18. The conference, organ- 
ized by Drs. J.O. Nriagu and K.R. Lum of 
Lakes Research Branch, drew over 150 
participants from 20 countries. It was 
sponsored by Environment Canada, the 
Ontario Ministry of the Environment, U.S. 
EPA, McMaster University, the Interna- 
tional Joint Commission, the Canadian 
Society for Chemistry (The Chemical In- 
stitute of Canada) and the Conservation 
Foundation,Washington, D.C. The sessions 
covered a broad range of trace metal 
issues in lakes, including the ecotoxicol- 
ogy of metal mixtures, acid rain effects on 
mobilization of metals, trace metal spe- 
ciation, bioavailability, bioaccumulation, 
cycling and historical loading trends. 


study, it was decided to implement a $4.5 
million partial dredging and filling scheme 
to improve both the aesthetic and func- 
tional characteristics of the basin. The 
rehabilitation plan involves the dredging 
of contaminated sediment, with disposal 
behind berms and landfill at the eastern 
end of the basin. 


At the request of Mar-Land Engineering 
Ltd., agents for the Hamilton Harbour 
Commission, P. Engel of the Hydraulics 
Laboratory, Research and Applications 
Branch, conducted a physical hydraulic 
model study related to the Windermere 
Basin rehabilitation project. The study 


N 


Applications Branch, through the re- 
search revitalization program. Dr. Da- 
niels obtained his Ph.D. from the Univer- 
sity of Waterloo and has research experi- 
ence in analytical detector systems and 
chemical separation techniques. His 
research and development program will 
focus on the interface between analytical 
chemistry and chemical toxicology. 


Dr. J. Doering has begun an NSERC 
post-doctoral fellowship in the Research 
and Applications Branch. Dr. Doering 
recently graduated in physical oceano- 
graphy from Dalhousie University. While 
at NWRI, he will be working on the analy- 
sis of Lake Ontario wave data from previ- 


The meeting not only drew attention to the 
worldwide nature of lacustrine contami- 
nation by toxic metals, but highlighted the 
fact that most freshwater research labora- 
tories are ill-equipped to measure accu- 
rately the low levels of metals in lake eco- 
systems. About adecade ago, the use of 
“clean laboratory” methods established a 
close linkage between nutrient and trace 
metal cycles and led to a major revolution 
inthe understanding of the marine cycle of 
toxic metals. The few “clean laboratory” 
data presented at the conference point to 
a similar close linkage. It is thus likely that 
the current dogma on the behaviour and 
fate of metal pollutants in lakes will soon 
be revised. If so, the conference may 
prove to have been a watershed in the 
basic understanding of trace metals in 
freshwater ecosystems. 


determined the hydraulic properties of the 
re-designed basin. Several flow condi- 
tioning schemes were evaluated, includ- 
ing spur dikes, a weir at the basin outflow, 
a flow deflector at the entrance of the 
basin and a sediment trap. 


The aim of the study was to find the most 
effective way to minimize the transport of 
naturally suspended particles from Red- 
hill Creek and other sources into the open 
harbour. Testing concentrated therefore 
on finding the optimum placement of spur 
dikes in order to help increase retention 
time through control of the path of flow 
containing fine suspended particles. 
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ous experiments on shoaling waves to de- 
termine the joint distribution of wave 
heights and periods at shoaling water 
depths. He will also be involved with 
laboratory tests of the same phenome- 
non. 


Dr. M. Servos, who recently received his 
Doctorate at the University of Manitoba, 
has joined the Air/Water Interactions 
Project of Lakes Research Branch. His 
thesis, entitled “Fate and bioavailability of 
polychlorinated dibenzo-p-dioxins in 
aquatic environments”, was undertaken 
at the Experimental Lakes Area of the 
Department of Fisheries and Oceans in 
Northwestern Ontario. Dr. Servos’ re- 
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search at NWRI will focus on the aquatic 
processes which modify the exchange of 
volatile and semi-volatile toxic organic 
compounds at the air/water interface. 


Dr. K.E. Day, Rivers Research Branch, 
has been appointed as an Associate 


Member of the Faculty of Graduate Stud- 
ies, University of Guelph, Ontario. 


Dr. E.D. Ongley, Director of the Rivers 
Research Branch, has recently been 
elected to the position of Visiting Profes- 
sor in the College of Medicine at Yonsei 


PROJECT F 


Lake Restoration 
Project 


Pollution issues such as eutrophication, 
metal contamination and persistent toxic 
chemicals are ongoing even though there 
has been much work and legislation to 
control loadings. Now that the first steps 
in pollution control have been accom- 
plished, the remaining actions are more 
expensive and require information spe- 
cific to each situation. In addition, there 
are emerging in situ technologies for 
ameliorating the effects of past pollution 
and improving naturally poor quality wa- 
ter. The goal of research in the Lakes 
Restoration Project is to provide multidis- 
ciplinary expertise, interpretive advice, 
scientific data and techniques needed for 
practical lake restoration and pollution 
management. 


Great Lakes area 


To date, the primary success of the Can- 
ada/U.S. Great Lakes Water Quality 
Agreement has been to improve and sta- 
bilize water quality in the offshore areas of 
the lakes. The remaining pollution, al- 
though much reduced, is introduced close 
to shore and can still be a problem where 
there is insufficient dilution. The 17 worst 
areas, which are typically embayments 
and harbours, have been termed “Areas 
of Concern”, for which the federal and 
provincial governments are preparing 
Remedial Action Plans (RAPs). In these 
confined areas, the historic accumula- 
tions of metal and organic pollutants can 
contaminate the ecosystem and its food 
chain. Remedies may be as simple as 
allowing the contamination to become 
naturally buried or as costly as complete 
removal by dredging. In almost every 
case, however, some reduction in loading 
is still needed. The Lakes Restoration 
Project, Lakes Research Branch, is a 
major contributor of the expertise and 
research required in the RAP process for 
critical assessments of management op- 
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tions to clean up and preserve these 
aquatic ecosystems. 


For example, the low oxygen problem 
during summer in the deep waters of 
Hamilton Harbour was researched with a 
water quality profiling system developed 
at NWRI. Consumption rates in bottles 
were five to ten times the actual oxygen 
depletion rate observed in the harbour. 
The large oxygen input from the ship 
canal may be matched by the initial oxy- 
gen demand caused by ammonia loading 
from sewage treatment plants discharg- 
ing to the harbour. Our experiments 
support the hypothesis that oxygen condi- 
tions may be significantly improved by 
ammonia controls. The technique of 
bubbling pure oxygen was investigated by 
temporarily installing a diffuser apparatus 
in the harbour. Oxygenation efficiency of 
the apparatus was found to depend onthe 
type and spacing of the diffusers. The 
technique is being further assessed with a 
relatively large installation at Amisk Lake 
(Alberta), in cooperation with the Univer- 
sity of Alberta. 


The interaction of contaminated sediment 
with the water column is also being as- 
sessed through several simultaneous 
studies. In one study, sediment traps 
showed that resuspension can cause a 
redistribution of contaminated sediment. 
Samples from sediment traps are being 
analyzed to determine whether contami- 


University, in Seoul, Korea. This is in 
recognition of his collaboration with Dr. 
P.R. Chung, Director of the Institute of 
Tropical Medicine, in the field of biological 
and chemical assessment of water quality 
in Korean rivers. 
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possible side effects. The project is also 
developing sonar techniques for deter- 
mining the thickness and volume of con- 
taminated sediment deposits so the 
magnitude of these problems can be 
assessed. Initial estimates are that the 
modern (contaminated) sediment depos- 
its are only 34-cm thick. In the third study, 
industrial iron particles and high concen- 
trations of ammonia were observed in 
plumes of harbour water in Lake Ontario, 
which suggested that the harbour is at 
times inefficient as a settling trap or dilu- 
tion chamber. 


The problem of high turbidity inthe Cootes 
Paradise area of Hamilton Harbour is also 
being studied. Experiments have shown 
that the main cause of turbidity is resus- 
pension of bottom sediments both by wind 
and by large populations of carp. Exten- 
sion of this work to the harbour will be 
particularly important for the RAP, be- 
cause large reductions in turbidity are 
needed before noticeable improvements 
in clarity are achieved. Project staff 
summarized findings and contributed 
major portions of the discussion docu- 
ment on the “Goals, Problems and Op- 
tions for Hamilton Harbour’s Remedial 
Action Plan”. Similar research activities 
by our project are ongoing in support of 
the Bay of Quinte RAP where phosphorus 
regeneration from sediments is a main 
concern. lron-phosphorus relationships 


nant deposits are being 
buried by cleaner mate- 
rials. Ina second study, 
the toxicity of sediment 
extracts was tested 
using bioassays to 
determine which sites 
would have the highest 
priority for removal or 
treatment. Various in > 
situchemicaltreatments 
of high-toxicity sedi- 
ments are being evalu- 


Soil Erosion 


Tubidity 
Bacteria 


= 


Wi 
Ay 


HAMILTON 


BURLINGTON LAKE 


ONTARIO 


Contaminated 
2 ediment 


b PAH 


Industry 
ad wyre 


Sewage 


Windermere Basin 


ated for their neutraliza- 
tion performance and 


Hamilton Harbour: The pollution effects of industrial discharge, 
sewage treatment plants and sewer outflows. 


Page 5 


in particulate material entering the bay 
compared to the relationship in bottom 
sediments are being assessed. 


Small lakes 


Many small, naturally eutrophic lakes 
have impaired use due to large popula- 
tions of unsightly blue-green algae. In 
some areas, surface runoff is collected in 
dugout ponds as a source of drinking 
water for people and livestock. Most of 
these dugouts have algae problems. 
Because these algae even produce toxins 
which can harm livestock, an ecologically 
sound algal control method is needed. 
Our experiments show that the traditional 
practice of copper sulphate treatments to 
control algae produces residual toxicity to 
other biota and disrupts the natural sul- 
phur cycle by poisoning sediment bacte- 
ria. 


In cooperation with the University of Al- 
berta, project scientists are investigating 
the use of lime to augment the natural 
precipitation reaction of calcium and 
phosphorus. Addition of lime to Figure 
Eight Lake (Alberta) and to drinking water 
dugout ponds increased the precipitation 
of nutrients and produced cleaner water. 
In one lake, the sediments contained 
enough phosphorus that it could have 


LRTAP Project 


Acid rain is caused by emissions of sul- 
phur dioxide and nitrogen oxides. Once 
released into the atmosphere, these sub- 
stances can be carried long distances by 
prevailing winds and return to earth as 
acidic rain, snow, fog, or dust. When the 
environment cannot neutralize the acid 
that is being deposited, damage occurs. It 
is estimated that the national resource 
base currently at risk sustains approxi- 
mately 8% of Canada’s gross national 
product. More than 300,000 lakes are 
vulnerable and some 14,000 have al- 
ready been acidified. Half the lakes and 
rivers located in sensitive areas 
(Muskoka-Haliburton in Ontario, southern 
Quebec and southern Nova Scotia), 
where sulphate deposition rates exceed 
acceptable limits, are already deteriorat- 
ing. The Long Range Transport of Air- 
borne Pollutants (LRTAP) Project of the 
Rivers Research Branch deals mainly 
with the aquatic effects of those pollut- 
ants. 


The current activities of the LRTAP Proj- 
ect are largely in response to the needs of 
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been sold as low grade fertilizer, yet the 
water was very clear. Using Mossbauer 
spectrometry we found that there is a 
significant iron source in groundwater 
flowing to the lake. This iron-rich water is 
responsible for precipitating most of the 


phosphorus which would otherwise be | 


released from the sediments and cause 
algal blooms. For the majority of lakes 
which recycle phosphorus from the bot- 
tom, we are investigating economical 
ways to remove the nutrient-rich sedi- 
ments. 


Excessive aquatic weed growths, particu- 
larly Eurasian milfoil, limit the use of the 
littoral zone in many lakes and rivers 
across the nation. To help prevent further 
invasions of exotics, we provide expertise 
and advice on the importation of deleteri- 
ous aquatic plants. The project research 
has focused on better techniques for me- 
chanical removal of plant infestations and 
on the ecological implications of chemical 
control. There have been significant 
declines of some milfoil populations in 
Southern Ontario. Our investigations 
have correlated these declines with the 
appearance of aquatic moth larvae which 
specialize in eating milfoil. 


the upcoming national LRTAP “acid rain” 
assessment due to be completed in early 
1990. Project members are involved in 
reviewing research results, participating 
in working groups, providing scientific 
leadership and contributing to such re- 
search priorities as sulphur cycling and 
natural organic acidity. Research into 
hydrological and chemical interactions 
provides input to modelling activities 
through which emission-impact scenarios 
can be assessed. The project is also 
responsible for providing national leader- 
ship in the science of LRTAP monitoring 
and assessment to permit evaluation of 
large-scale patterns of risk to Canadian 
freshwater resources from acid rain, and 
to provide expert opinion on international 
research activities which may impact 
upon Canadian negotiating positions. 


Turkey Lakes watershed study 


The Turkey Lakes Watershed, located 
about 50 km north of Sault Ste. Marie, 
Ontario, is the primary experimental site 
at which NWRI scientists have conducted 
their research on acid rain since 1980. A 
21-paper special review volume on the 
Turkey Lakes Watershed Study was 


Project Chief: M.N. Chariton 

Study Leaders: M. Fox, M. Hanna, 
P.G. Manning, T. Mayer, T.P. Murphy, 
D.S. Painter, N.A. Rukavina 

Project Team: W.G. Booth, L.L. Kalas, 
P.A.L. Thiessen. 


Recent publications 


Charlton, M.N. and D.R.S. Lean. 1987. Sedimenta- 
tion, resuspension, and oxygen depletion in Lake 
Erie. J. Great Lakes Res. 13(4): 709-723. 


Fox, M.E., D.S. Roper and S.F. Thrush. 1988. Or- 
ganochlorine contaminants in the surficial sediments 
of Manukau Harbour, New Zealand. Mar. Pollut. Bull. 
In press. 


Hanna, M. 1989. Prediction of bioavailable phospho- 
rus by means of an anion exchange resin. Can. J. 
Fish. Aquat. Sci. In press. 


Manning, P.G., T.P. Murphy, T. MayerandE. Prepas. 
1988. Effect of copper sulfate on pyrite formation in 
reducing sediments. Can. Mineralogist. In press. 


Mayer, T. and P.G. Manning. 1988 Bioavailability of 
phosphorus in suspended solids from the nearshore 
zone of Lake Erie. NWRI Contribution No. 88-28. 


Murphy, T.P., K.G. Hall and T.G. Northcote. 1988. 
Lime treatment of hardwater lake to reduce eutrophi- 
cation. Lake and Reservoir Management 4(2): 51-62. 


Painter, D.S. and K.J. McCabe. 1988. Investigation 
into the disappearance of Eurasian water milfoil from 
the Kawartha Lakes. J. Aquat. Plant Manage. 26: 3- 
12. 


Rukavina, N.A. and A.J. Zeman. 1987. Erosion and 
sedimentation along acohesive shoreline—the north- 
central shore of Lake Erie. J. Great Lakes Res. 13(2): 
202-217. 


published recently (Canadian Journal of 
Fisheries & Aquatic Sciences, Vol. 45, 
Suppl. No. 1). It spans the entire range of 
work that has been conducted, including 
aquatic chemistry and biology, forestry, 
and predictive modelling. The processes 
controlling the hydrological and chemical 
fluxes associated with spring melt, mass 
balance studies for ionic species, and 
aluminum geochemistry were also de- 
scribed at international conferences or in 
review papers. 


Sulphur cycling 


Sulphur isotopic data suggest that large 
amounts of sulphur are released during 
summer from biogenic sources such as 
bogs, marshes and wetlands that cover 
large areas of Canada. Inthe first measu- 
rement of its kind, large amounts of di- 
methyl sulphide (DMS) were shown to be 
produced and released from such eco- 
systems. Calculations suggest that such 
sources can contribute up to 20% of the 
airborne sulphur in rural and remote areas 
of Canada. DMS is rapidly oxidized in the 
atmosphere by hydroxyl and nitrate ions 
to sulphur dioxide and methane sulphonic 
acid (MSA). MSA is thus a marker that 
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can be used to assess the magnitude of 
the biogenic contribution to the atmos- 
pheric sulphur burden. The combined 
use of isotopic and MSA techniques is a 
potentially powerful tool in acid rain re- 
search. 


Organic acidity 


The aquatic effects of acidic deposition 
are often complicated by naturally pro- 
duced acidity from organic matter such as 
peat and sphagnum. In Nova Scotia, 
many rivers are affected by such organic 
acidity and show brownish-coloured wa- 
ters. While they may be subject to similar 
amounts of acidic deposition, these rivers 
exhibit different levels of pH. Extensive 
research has been carried out by NWRI 
scientists on these rivers. Experimental 
results, aided by modelling and statistical 
methods, attribute the difference in pH 
levels to the interactions between organic 
and inorganic acidity and to the different 
kinds of organic matter present. 


Many of these research results at NWRI 
were recently presented at an interna- 
tional scientific conference on organic 
acid studies (Kejimkujik Conference ’88). 
They will be published in a special review 
volume mainly devoted to the Kejimkujik 
Watershed Study, a study parallel to that 
of the Turkey Lakes Watershed. 


Long-term versus episodic events 


Sulphate ions accumulating in snowpack 
can cause stream pH to drop significantly 
when they are released during snowmelt. 
The impact is short in duration, lasting for 
weeks at most. On the other hand, de- 
pending on the soil buffering and weather- 
ing rates, the yearly mean pH level will not 
show large changes until decades or 
centuries after sulphur emission control or 
other measures such as liming are imple- 
mented. In both cases, hydrogeochemi- 


cal models provide insight into the basin 
responses to control programs. At NWRI, 
a number of such models have been 
tested under different management sce- 
narios and probabilities of snowmelt oc- 
currences. 


Regional assessment 


Regionalization of acidification impact 
models may provide a more objective 
means for assessing alternative acid rain 
control strategies. A prototype expert 
system, RAISON (regional analysis by 
intelligent systems on a microcomputer), 
was developed and shown to improve the 
performance of individual models. In a 
normal review of over 100 studies in the 
U.S. and Canada, a U.S. EPA expert 
research panel on modelling character- 
ized the RAISON study as a “clear, rele- 
vant and realistic” approach. The system 
provides a highly flexible framework 
within which a wide variety of geographi- 
cally based environmental problems can 
be effectively evaluated. 


In an effort to integrate scientific informa- 
tion on atmospheric, terrestrial and 
aquatic linkages, RAISON has been used 
to collate regional data from Eastern 
Canada, where impact of acid rain is most 
acute. Predictions of the aquatic effects 
based on several management strategies 
are made by the expert systems ap- 
proach. 


Resources-at-risk 


An improved and more acceptable func- 
tional relationship between the aquatic 
and terrestrial regime factors was applied 
to all the watersheds in the Province of 
Quebec south of latitude 52° N. The rela- 
tionship permits evaluation of aquatic 
resources at risk in the cases where ter- 
restrial data exist, but aquatic data are 
insufficient. Risk estimates indicate 4.5% 


— 


b> 


ope 
4 
th 
} 1. 
+t ttre 
Uo lt ots ¢ 
pe eeb ergs alee 
rebPe eee bee tls see 


there t cle dee ey 
NS Ae tee 
jer alee ado ans 


eH 
ki < 50 
[il] 50-100 
a > 100 


Predicted ante acid neutralization capacity (ueq/L) for 91 watersheds in southern Quebec 


using the RAIS 


NWARI Digest 


N expert system under present loading condition. 


of the lakes are in critical condition, and an 
additional 48.5% are in a very sensitive 
and susceptible condition. This empirical 
technique is currently being extended to 
other regions. 


Monitoring and statistical evaluation 


Canada already has a sulphur emission 
program in place. To determine whether 
this program is effective will require fur- 
ther information and datacollection based 
on an adequate monitoring network. 
Advanced statistical methods are de- 
signed to evaluate existing LRTAP moni- 
toring data and to recommend cost-effec- 
tive sampling strategies based on the 
current control program or other proposed 
control measures. 


Project Chief: D.C.L. Lam 

Study Leaders: A.G. Bobba, 

W.G. Booty, R.A. Bourbonniere, 

A.H. El-Shaarawi, A.S. Fraser, 

R.G. Semkin 

Project Team: J.L. Jones, F. Norouzian, 
R. Neureuther, M.D. Seymour 


Recent publications 


Bobba, A.G. and D.C.L. Lam. 1988. Application of a 
hydrological model to the acidified Turkey Lakes 
Watershed. Can. J. Fish. Aquat. Sci. 45 (Suppl. 1), 
81-87. 


Booty, W.G., J.V. DePinto and R.D. Scheffe. 1988. 
Drainage basin control of acid loadings to two Adiron- 
dack lakes. Water Resour. Res., 24, 1024-1036. 


Bourbonniere, R.A. 1988. Distribution patterns of 
dissolved organic matter fractions in natural waters 
from Eastern Canada. Organic Geochemistry. In 
press. 


Damsleth, E., D.C.L.Lam, A.H. El-Shaarawi and R.F. 
Wright. 1987. Time series analysis of water chemistry 
in Canada and in Norway. NWRI Contribution No. 87- 
109. 


El-Shaarawi, A.H. 1986. Statistical aspects of setting 
a sampling strategy. J. frangais d’hydrologie, 17, 37- 
46. 


Jeffries, D.S., J.R.M. Kelso and I.K. Morrison. 1988. 
Physical, chemical, and biological characteristics of 
the Turkey Lakes Watershed, central Ontario, Can- 
ada. Can. J. Fish. Aquat. Sci., 45 (Suppl. 1), 3-13. 


Jeffries, D.S., R.G. Semkin, R. Neureuther and M. 
Seymour. 1988. lon mass budget for lakes in the 
Turkey Lakes Watershed, June 1981-May 1983. 
Can. J. Fish. Aquat. Sci., 45 (Suppl. 1), 47-58. 


Lam, D.C.L., D.A. Swayne, J. Storey, A.S. Fraser and 
|. Wong. 1988. Regional analysis of watershed 
acidification using the expert systems approach. 
Environ. Software, 3, 127-134. 


Lam, D.C.L., A.S. Fraser and A.G. Bobba. 1987. 
Simulation and analysis of watershed acidification. In: 
M.B. Beck, ed., Systems Analysis in Water Quality 
Management. Pergamon Press, Oxford, U.K., pp. 85- 
96. 


Semkin, R.G.andD.S. Jeffries. 1988. The chemistry 
of atmospheric deposition, the snowpack and snow- 
melt in the Turkey Lakes Watershed. Can. J. Fish. 
Aquat. Sci., 45 (Suppl. 1), 38- 46. 
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PUBLIC AWARENESS 


Political Leaders Visit CCIW During 
Federal Election Campaign 


On October 19, Prime Minister Brian 
Mulroney and his wife visited CCIW. Mr. 
Mulroney toured the NWRI Hydraulics 
Laboratory and the Wastewater Technol- 
ogy Centre, viewing anumber of research 
demonstrations and meeting staff. The 
following week NDP leader Ed Broadbent 
visited the Wastewater Technology 
Centre. 


St. Lawrence River Video 


G. Sivell, NWRI Communications Officer, 
led a field team that obtained over 20 
hours of broadcast-quality footage on the 
St. Lawrence River and river basin for use 
in developing future information videos 
and documentaries. The project is jointly 
funded by NWRI and the Quebec Region 
of C&P. Portions of the video have al- 
ready been used for TV news coverage by 
the CBC French and English networks, 
Montreal. NWRI is currently discussing 
with TV Ontario and Alberta’s Access 
Network the possibility of co-producing 
TV documentaries 


on the environ- 
mental status of the 
river and on the 
research con- 
ducted by NWRI in 
support of Environ- 
ment Canada’s 
“Plan Saint-Lau- 
rent” to restore the 
water quality of the 
river. 


The Rt. Hon. Brian Mulroney during his visit of the Hydraulics Laboratory. 


PM Announces $125 Million for Great 
Lakes Cleanup 


While making an address in Hamilton on 
October 19, the Prime Minister an- 
nounced a $125 million Great Lakes 
Action Plan. The fund willbe used to meet 
Canadian obligations under the recently 
revised International Great Lakes Water 
Quality Agreement. Seventy-five million 
dollars will be devoted to clean up 17 
environmental "hot spots" and $50 million 
will go towards developing the scientific 
and technical knowledge necessary to 
maintain the quality of the Great Lakes 
and prevent future pollution. 


UNEP “Global 500” Award 


On the occasion of the World Environ- 
ment Day, the United Nations Environ- 
ment Program (UNEP) named Dr. 
Richard A. Vollenweider, NWRI'’s retired 
Senior Scientist, to its “Global 500 Roll of 
Honour”. This award is in recognition of 
Dr. Vollenweider’s outstanding work in 
helping to protect and improve the envi- 
ronment. Commenting on Dr. Vollenwei- 
ders distinguished career, D.L. Egar, 
Executive Director, NWRI, said that “al- 
though Dr. Vollenweider has officially re- 
tired from the Public Service of Canada, 
his accomplishments and his dedication 
to improving the world’s water resources 
will continue to inspire Canadians and 
others around the world”. 
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About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a na- 
tional program of original research and 
developmentin the aquatic sciences, in part- 
nership with the international freshwater 
science community. The twin goals of the 
Institute are to advance scientific under- 
standing of national and international water 
issues important to Canada and to develop 
knowledge and authoritative expertise on 
these issues that can be used by Environ- 
ment Canada to influence decisions affect- 
ing the wise management of Canada’s water 
resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each focusing on 
a priority issue. Projects are grouped within 
three branches, the Lakes Research 
Branch, the Rivers Research Branch, and 
the Research and Applications Branch. 
Current long-term research priorities in- 
clude: toxic chemicals in the Great Lakes 
and the St. Lawrence River; exchange of 
toxic contaminants between air, water, sedi- 
ments, and biota; groundwater contamina- 
tion; pesticide contamination in rivers; acid 
rain; lake rehabilitation; and aquatic moni- 
toring, ecotoxicology, and risk prediction 
methodologies. 


COMING EVENTS 


March 28-29, 1989. Workshop on Cause- 
Effect Linkages. This workshop will examine 
the scientific basis for inferring causality be- 
tween toxic contaminants and health effects in 
fish, birds and mammals (including man) in the 
Great Lakes. A variety of case histories where 
contaminant-stress linkages have been estab- 
lished will be reviewed. The workshop will be 
held by the IJC Council of Great Lakes Re- 
search Managers. For further information, 
contact Dr. M. Gilbertson, (519)256-7821. 


April 4-7, 1989. International Conference 
on Statistical Methods for the Environ- 
mental Sciences. Dr. A. El-Shaarawi, NWRI, 
and Dr. |. MacNeill of the University of Western 
Ontario are co- chairmen of this conference to 
be held in Cairo, Egypt. The meeting will 
include such topics as water and air quality, 
regulation and control, waste management, 
transboundary pollution, health aspects of 
pollution, risk analysis, monitoring and quality 
control. For further information, contact Dr. 
Abdel El-Shaarawi, (416)336-4584. 


NWRiI Digest 


The NWRI Digest is the quarterly public 
newsletter of the National Water Research 
Institute, Conservation and Protection, 
Environment Canada. Suggestions, com- 
ments and further enquiries concerning 
newsletter items are welcomed. Please 
write to the Editor, NWRI Digest, National 
Water Research Institute, P.O. Box 5050, 
Burlington, Ontario, Canada L7R 4A6. 


Editor 
R.J. Daley 


Editorial Team 
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NWRI HOSTS CEPA SCIENCE FORUM 


The Canadian Environmental Protec- 
tion Act (CEPA), which became law in 
June 1988, replaces or complements 
previous federal legislation and is 
now the primary Act for the na- 
tionwide management of toxic sub- 
stances. The Act guarantees Cana- 
dians the right of protection from the 
risks associated with the use of 
chemicals and their release to the 
environment. CEPA takes a ‘life 
cycle” approach to ensure that each 
toxic substance is controlled at those 
points where it poses risk to the envi- 
ronment or human health. The Act 
goes far beyond the traditional ap- 
proach of “react and cure” to one of 
“anticipate and prevent”. CEPA is 
built on an ecosystem perspective, 
placing environmental considera- 
tions on an equal footing with public 
health considerations. 


INSIDE 

eNWRI Sustainable Development 
Symposium 

* St. Lawrence Estuary Research 

¢ National Laboratory Association 

* Unesco Handbook of Comparative 
Hydrology 

¢ Transport of Chlorinated 
Contaminants in the St. Clair and 
Detroit Rivers 

¢ Certified Reference Materials 
Brochure 

¢ Toxic Dye/Particle Interactions in the 
Yamaska River, Quebec 

¢ Waves and Wave Forecasting 

¢ Historic Variations in Great Lakes 
Water Levels 

«New Analytical Methods 

¢e NWRI/IJC Workshop on 
Contaminated Sediments 

* Nutrient-Contaminant Interactions 
Project 

¢ River Modelling Project 


ivi 


Environment 


Canada Canada 


NWRI undertook to host a “Priority 
Substances Science Forum” to ad- 
dress the science needs of the priority 
substance assessments required as 
part of CEPA. The specific objectives 
of the multi-stakeholder, multidiscipli- 
nary sessions were fourfold: (1) to 
provide information on CEPA, its Pri- 
ority Substances List (PSL), and the 
assessment process; (2) to present 
the federal five-year schedule for 
addressing the PSL; (3) to examine 
the research and information needed 
to complete the assessments; and (4) 
to facilitate Coordination of the sci- 
ence community and funding agen- 
cies. 


The Forum, which was held at the 
Canada Centre for Inland Waters, 
February 21-23, 1989, brought to- 
gether research scientists and sci- 
ence managers from federal, provin- 
cial and municipal governments, uni- 
versities, the private sector, funding 
agencies and public interest groups. 


The overall conclusion from the two 
days of discussion was that the ex- 
pertise to address the science re- 
quirements of CEPA exists in Can- 
ada. However, strong leadership 
must be provided to draw together the 
consortium of scientific stakeholders 
from inside and outside government 
to address the research requirement 
of the Act. To this end, the CEPA 
management framework and imple- 
mentation plan should include an 
explicit five-year science program 
that is integrated with, but operated 
separately from, the other elements 
of CEPA (assessment, control and 
regulation). 


Suggestions to facilitate develop- 
ment of the CEPA science plan in- 
cluded designation of a single federal 
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“Responsibility Centre for CEPA Sci- 
ence” and the creation of a “National 
CEPA Science Stakeholders Net- 
work”. For operational flexibility, the 
Science Centre should be located at 
an existing federal research institute 
and should be provided with a dedi- 
cated, multi-year budget and admin- 
istrative support. 


The mission of the Centre would be to 
meet the research needs arising fron) 
the assessment, regulation, monitor- 
ing, inspection and enforcement ac- 
tivities of the federal Act and its pro- 
vincial counterparts (e.g., MISA in 
Ontario). This would be accom- 
plished through the operation of a 
nationwide network of experts from 
the Canadian research community. 
The Centre would also establish links 
internationally where work relevant to 
CEPA science is being done (e.g., the 
Organization for Economic Co-op- 
eration and Development). It is im- 
portant that the science effort focus 
on matters that are uniquely impor- 
tant in Canadian ecosystems, i.e., the 
presence, transformation and effects 
of toxic chemicals inthe Canadian en- 
vironment. Chemical toxicology and 
other more general data would then 
be obtained from international 
sources. 


There was also a general consensus 
that the CEPA science forum should 
be continued as an “Annual Meeting 
of the National CEPA Science Stake- 
holders Network”. A full report of the 
proceedings of the forum will be 
completed within two months and 
distributed to all participants and 
other interested parties. 


Dr. J. Lawrence 

Director 

Research and Applications 
Branch 


RESEARCH NEWS 


St. Lawrence Estuary Research 


The Upper Estuary of the St. Lawrence 
River, between Quebec City and the 
Saguenay Fjord, is acomplex area where 
dissolved and particulate materials inter- 
act within a unique “turbidity zone” in the 
water column. This zone is maintained by 
estuarine circulation and by tidal pump- 
ing, both of which provide energy to main- 
tain particles in suspension. Recent re- 
search by the Nearshore/Offshore Inter- 
actions Project, Lakes Research Branch, 
has shown that variations in suspended 
sediment concentrations can be simu- 
lated by a one-dimensional suspended 
sediment model. The model could prove 
useful in predicting the residence time of 


contaminants in the maximum turbidity 
zone and their eventual transport and fate 
in the estuary. 


References 


Hamblin, P.F., K.R. Lum, M.E. Comba and 
K.L.E. Kaiser. 1988. Observations of sus- 
pended sediment flux over a tidal cycle in the 
region of the turbidity maximum of the Upper 
St. Lawrence River Estuary. /n: Hydrodynam- 
ics and Sediment Dynamics of Tidal Inlets, 
D.G. Aubrey and L. Weishar (Eds.), Springer- 
Verlag New York, Inc., pp. 245-256. 


Hamblin, P.F. 1988. Observations and model 
of sediment transport near the turbidity maxi- 
mum of the Upper St. Lawrence Estuary. 
NWRI Contribution No. 88-42. 


National Laboratory Association 


A Canadian network of credible analytical 
laboratories is essential to meet expected 
increases in analytical workload resulting 
from CEPA, MISA and other environ- 
mental programs. On behalf of NWRI, 
The Rawson Academy of Aquatic Sci- 
ence examined the feasibility of forming 
an independent, self-regulating associa- 
tion of Canadian environmental analytical 
laboratories. They surveyed representa- 
tive groups from government, industry 
and universities on the value of such an 
association and on its appropriateness as 
a vehicle to introduce effective quality 
assurance/quality control programs. The 
response was very positive, with a gen- 
eral consensus that such an association 
would benefit both the laboratory industry 
and clients. Also, because of recent U.S. 
EPA experiences with QA/QC programs 
in industry and uncertainty about the po- 
tential effects of the Canada-U.S. Free 
Trade Agreement, it was felt that there 
was some urgency to establish a national 
laboratory association in Canada. 


The implementation phase of the project 
is also being facilitated by The Rawson 
Academy. Alaboratory association called 
the “Canadian Association of Environ- 
mental Analytical Laboratories” (CAEAL) 
has been formed. An interim Board of 
Directors has been established, consist- 
ing of three private sector representa- 
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tives, three provincial government repre- 
sentatives and one federal government 
representative. The interim Board is 
chaired by Dr. J. Lawrence, Director of 
NWRI’s Research and Applications 
Branch. Secretariat support is being 
provided by The Rawson Academy. 


The interim Board of Directors held its 
inaugural meeting on January 23, 1989. 
One of the first priorities of the Board will 
be to negotiate with the Standards Coun- 
cil of Canada for their services in develop- 
ing and implementing a laboratory ac- 
creditation scheme for the member labo- 
ratories, and to assist the Standards 
Council in obtaining the necessary Treas- 
ury Board funding. A working group has 
been established to address the accredi- 
tation requirements of the association in 
preparation for negotiations with the Stan- 
dards Council. 


Other priority areas for the Board will be 
the establishment of the association’s 
membership, the refinement of draft 
bylaws and the formal incorporation of the 
association. 


Regional information sessions for poten- 
tial members have been held in St. John’s, 
Halifax, Québec, Toronto, Calgary and 
Vancouver. The response at these meet- 
ings has been very encouraging. 


UNESCO Handbook 
of Comparative 
Hydrology 


The conventional approach to hydrology 
has focused on the water-land interface 
without consideration of sociological and 
ecological implications. | Recognizing 
such shortcomings, the Intergovernmen- 
tal Council for the International Hydrologi- 
cal Programme (IHP) of UNESCO spon- 
sored the preparation of an international 
handbook on comparative hydrology, 
emphasizing an ecological approach to 
land and water resources in various hy- 
drological regions of the world. 


The 19 chapters of the IHP handbook 
were written by invited experts. J. Marsa- 
lek, Rivers Research Branch, coauthored 
the chapter entitled “Human Interventions 
in the Terrestrial Water Cycle”. In their 
introduction, the authors recognized 
three phases of water resources develop- 
ment: an initial phase with abundant water 
resources far exceeding the demands so 
that natural conditions generally prevail; a 
second phase when the construction of 
large systems is required to satisfy in- 
creasing demand and in which develop- 
ment of water resources proceeds without 
integration; and a third phase of inte- 
grated multipurpose utilization of water 
resources. During all three phases, inter- 
ventions in the terrestrial water cycle take 
place. Such interventions occur in rural 
areas as a result of agricultural and 
silvicultural activities, and in urban areas 
as a consequence of changes in the 
catchment cover and intensified de- 
mands. Many adverse impacts can be 
partially or fully remedied by proper plan- 
ning of water resource development, with 
emphasis on conservation and _ attain- 
ment of sustainable development. 


By wide dissemination of this handbook, 
UNESCO hopes to increase awareness 
of the differences in regional hydrology, 
improve understanding of the impacts of 
human interventions on the water cycle, 
and draw attention to remedial measures 
for mitigation of such impacts. 


Reference: Kovacz, G., F.C. Zuidema and 
J. Marsalek. 1989. Human interventions in the 
terrestrial water Cycle. /n: Comparative Hy- 
drology, Chapman, T. and M. Falkenmark 
(Eds.), Chapter 5, pp. 105-130. UNESCO 
Press, Paris. 
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Transport of Chlorina- 
ted Contaminants in 
the St. Clair and 
Detroit Rivers 


The total contaminant load transported by 
ariver consists of dissolved contaminants 
carried by the water as well as contami- 
nants in particulate form carried by the 
suspended sediments and sediments 
moving along the river bed. Knowledge of 
the relative importance of the different 
transport processes is necessary to un- 
derstand pollutant pathways and to de- 
vise pollution control strategies. 


Water flow, sediment transport and con- 
centrations of hexachlorobenzene, oc- 
tachlorostyrene and polychlorinated 
biphenyls were measured in three 
transects in the St. Clair River and two 
transects in the Detroit River. Transport of 
chlorinated contaminants in the two rivers 
were then calculated. It was shown that 
suspended sediments can often transport 
the largest amount of contaminants. The 
amount transported in the soluble phase 
was, however, of the same order of mag- 
nitude as that in the particulate phase. 
The bed sediments played a negligible 
role in the transport of contaminants. 
These results are relevant to pollution 
control programs for the Upper Great 
Lakes Connecting Channels. 


Reference: Lau, Y.L, B.G. Oliver and 
B.G.Krishnappan. 1989. Transport of some 
chlorinated contaminants by the water, sus- 
pended sediments and bed sediments in the 
St. Clair and Detroit rivers. Environmental 
Toxicology and Chemistry (in press). 


Certified Reference 


Materials Brochure 


Certified Reference Materials (CRMs) 
and Reference Materials (RMs) are im- 
portant tools in assessing the quality of 
data in environmental research and 
monitoring. CRMs are stable, homoge- 
neous and well characterized reference 
materials having very similar matrices to 
field materials. This minimizes matrix 
effects between reference and test 
samples during analysis. RMs are similar 
to CRMs except that they are less rigor- 
ously characterized and are the forerun- 
ners of CRMs. Staff of the Quality Assur- 
ance Project, Research and Applications 
Branch, have developed a series of RMs 
for water analysis, and CRMs for sedi- 
ment analysis, including several of the 
world’s first lake sediment CRMs. An 
active program to market these products 
has been initiated with the production of a 
bilingual brochure describing the RMs 
and CRMs developed at NWRI. 
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Toxic Dye/Particle 
Interactions in the 
Yamaska River, 
Quebec 


The adsorption of contaminants onto 
suspended particles is a key process in 
controlling contaminant transport in riv- 
ers. To better understand and model 
these adsorption processes, a study was 
initiated in the ecotoxicology laboratory of 
NWRI using water from the heavily pol- 
luted Yamaska River, Quebec. The 
Yamaska is contaminated by pesticides 
from agricultural runoff and by domestic 
and industrial effluents, mainly textile 
dyes from local industries. 


The distribution of particle-size and the 
bacterial content associated with each 
size fraction of suspended sediment was 
evaluated, and the rates of removal of 
dyes from the water for each size fraction 
calculated. The 20-40 micron particle- 
size fraction, which was the predominant 
component in the water, exhibited the 
highest efficiency for binding contaminant 
dyes. This fraction, rich in organic matter 
and associated bacteria, probably plays a 
key role in the transport of contaminant 
dyes in the Yamaska and similar rivers. 

Reference: Rao, S.S., J.H Weng and B.G. 
Krishnappan. 1988. Particle associated con- 


taminant transport in the Yamaska River. 
NWARI Contribution No. 88-104. 


Waves and Wave 
Forecasting 


The measurement and analysis of wind- 
generated surface waves has advanced 
significantly in the last decade. C.T. 
Bishop and Dr. M.A. Donelan, Research 
and Applications Branch, have co-au- 
thored a chapter in a volume of a recently 
published series of civil engineering 
handbooks. Wind-generated waves and 
related topics are discussed. Material not 
available in current text books is included, 
such as the results of NWRI research into 
the prediction of mean wave directions on 
enclosed water bodies. The chapter pres- 
ents linear wave theory, reviews basic 
wave processes, summarizes techniques 
for the measurement of waves and wave 
direction, explains wave statistics and 
methods of analysis, and describes 
simple methods of wave prediction. The 
text is written for use by civil engineers 
without an extensive background in hy- 
draulics or coastal engineering. 


Reference: Bishop, C.T. and M.A. Donelan. 
1988. Waves and wave forecasting. /n: Civil 
Engineering Practice, P.N.. Cheremisinoff, 
N.P. Cheremisinoff and S.L. Cheng (Eds.), 
Technomic Publishing Co., Inc., Lancaster, 
Pa, U.S.A., Vol. 3, pp. 653-695. 


Historic Variations in Great Lakes Water Levels 


According to established geological inter- 
pretation, the configurations, outlets and 
water level variations of lakes Erie, Michi- 
gan and Huron have been essentially 
unchanged for the last 2500 years. 
However, recent high water levels in the 
Great Lakes have prompted renewed 
support for an alternative hypothesis of 
episodic variations in the level of these 
lakes related to climate change. This 
interpretation suggests episodic 
changes, lasting 200 to 300 years, in the 
levels of Lake Michigan-Huron of up to 
2.5 m above the long-term mean lake 
level. Such ahypothesis, if true, would ne- 
cessitate major changes in the planning 
and management of the Great Lakes. At 
the request of Public Works Canada, C.T. 
Bishop of the Hydraulics Laboratory re- 
viewed water level variations in lakes 
Erie, Michigan and Huron. Historical and 


archaeological evidence of European 
settlements on the Great Lakes was re- 
searched and water level computer simu- 
lations by the U.S. Great Lakes Environ- 
mental Research Laboratory were exam- 
ined. The results show that mean annual 
water level excursions of 2mormore from 
the long-term mean lake levels are ex- 
tremely unlikely. In fact, over at least the 
last 400 years, climate-related variations 
in maximum mean annual water levels 
have probably not exceeded those meas- 
ured on lakes Erie, Michigan and Huron 
since 1819. These results contradict the 
hypothesis of episodic climate-related 
changes in water levels. 


Reference: Bishop, C.T. 1988. Historical 
variation of water levels in lakes Erie and 
Michigan-Huron. NWRI Contribution No. 88- 
Te 
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New Analytical Methods 


New and improved analytical methods 
are continually being developed by the 
Analytical Chemistry Project, Research 
and Applications Branch. These methods 
are in response to specific needs for water 
pollution research and monitoring pro- 
grams. 


The acid neutralizing capacity of water is 
an important parameter for studies of 
aquatic ecosystems, particularly the im- 
pacts of acid rain. A recent NWRI contri- 
bution describes the determination of the 
acid neutralizing capacity of water and 
discusses several related conceptual and 
terminological problems. The paper de- 
scribes an automated, conductometric, 
acid-base titration method developed in 
cooperation with NWRI’s Research Sup- 
port Division and the National Water 
Quality Laboratory (NWQL). Perform- 


ance of the system was compared to the 
conventional potentiometric titration 
method used by the NWQL. Conducto- 
metric titration is simple, sensitive and ac- 
curate, meeting all the requirements of 
the NWQL while speeding up the analysis 
by a factor of five. 


In order to monitor the discharge of chlo- 
rinated phenolics into lakes and rivers by 
the pulp and paper industry, a simple and 
comprehensive analytical scheme for the 
determination of 31 chlorinated phenolics 
in pulp and paper mill effluents has been 
developed. This method is the result of a 
joint project between NWRI’s Research 
and Applications Branch and Environ- 
mental Protection’s Wastewater Technol- 
ogy Centre. The method is based on in 
situ acetylation followed by capillary col- 
umn gas chromatography and electron- 
capture detection of the acetyl deriva- 
tives. The procedure is extended to 


Conducting experiments in the Clean and Hazardous Chemical Laboratory of NWRI’s Research 
and Applications Branch. 


monochlorinated phenolics using a mass 
selective detector in the selected ion 
monitoring mode. For 50 mL effluent 
samples, the detection limit is 0.5 ug/L for 
all compounds, except the monochlori- 
nated compounds, which have a detec- 
tion limit of 1.0 ug/L. 


References 


Sekerka, |., J.S. Ford, J.F. Lechner and Y.M. 
Sheikh. 1988. Determination of acid neutral- 
izing capacity of water and related problems. 
NWRI Contribution No. 88-103. 


Lee, H.B., R.L. Hong-You and P.J.A. Fowlie. 
1988. Chemical derivatization analysis of 
phenols. VI. Determination of chlorinated 
phenolics in pulp and paper effluents. NWRI 
Contribution No. 88-110. 


Workshop on Con- 


taminated Sediments 


NWRI (Lakes Research Branch) and the 
Great Lakes Regional Office of the Inter- 
national Joint Commission (IJC) co-or- 
ganized a symposium at the Canada 
Centre for Inland Waters to discuss recent 
progress on remediation techniques for 
contaminated sediments and new experi- 
mental treatment processes. The four- 
day meeting brought together over 50 
scientists, engineers and water quality 
managers from Canada, the USA, tne 
Netherlands and the Federal Republic of 
Germany. Case studies of remediation 
projects from Alberta, New York, Massa- 
chusetts, the FRG and the Netherlands 
were used to focus attention on practical 
problems and to identify research and 
development needs. Opportunities for 
several demonstration projects in se- 
lected Areas of Concern in the Great 
Lakes Basin were also discussed. The 
workshop proceedings will be published 
by the IJC this year. 


Sk ee 


New Appointments 


The Institute is pleased to announce the 
appointments of two research scientists. 
Dr. Micheline Hanna has joined Lakes 
Research Branch. Her research studies 
will focus on benthic habitat/contaminant 
interactions. She recently completed two 
years of postdoctoral research at McGill 
University following graduation from the 
Université Paul Sabatier, in Toulouse, 
France. 


Dr. B.K. Afghan has joined the staff of the 
Research and Applications Branch. His 
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research will involve chemical methods 
development as a member of the Analyti- 
cal Chemistry Project. Dr. Afghan returns 
to research after a number of years as 
Chief of the National Water Quality Labo- 
ratory, Inland Waters Directorate, located 
at CCIW. 


Awards, Promotions 


Dr. Jan Barica, Senior Limnologist, 
Lakes Research Branch, has earned a 
Doctor of Science degree from Charles 
University in Prague, Czekoslovakia. The 
presti-gious degree recognizes his many 


i Wee 


important contributions to limnology, in 
particular his pioneering research on the 
hyper-eutrophic lakes of Western Can- 
ada. Dr. Barica has also been promoted 
to the highest level in the federal research 
classification (Research Scientist-4). 


Drs. D.S. Jeffries and W.M.J. Strachan 
have been promoted recently to the third 
level of the Research Scientist category 
for their leadership and achievement in 
their respective disciplines. 
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NUTRIENT-CONTAMINANT INTERACTIONS PROJECT 


Eutrophication and contamination of 
lakes have traditionally been considered 
independently of each other by scientists 
and water managers. Contaminant re- 
search has largely focused on the envi- 
ronmental pathways and effects of spe- 
cific chemicals, whereas eutrophication 
research has focused on the relationship 
between nutrient inputs and biological 
productivity. Although the management 
of both issues is largely based on the 
setting of “objectives”, nutrient objectives 
seldom consider the presence of persis- 
tent contaminants while contaminant ob- 
jectives rarely, if ever, consider the trophic 
state of the system. 


The research program of the Nutrient- 
Contaminant Interactions Project (Lakes 
Research Branch), is based on the prem- 
ise that contaminant dynamics and ef- 
fects in aquatic systems are directly influ- 
enced by the trophic state of the system 
and, therefore, that the eutrophication 
and contaminants issues cannot be con- 
sidered separately. The project is at- 
tempting to elucidate the mechanisms of 
interaction between nutrients and con- 
taminants in lakes. Although the knowl- 
edge gained will have general application, 
the major thrust of the project is directed 
towards the Laurentian Great lakes. 


The Great Lakes themselves are too large 
and contain too many different contami- 
nant sources to allow the systematic in- 
vestigation of contaminant processes. 
Therefore, the Model Lakes Ecosystem 
Study (MODLES) was begun. It involves 
a series of headwater lakes centred 
around afield site near Bancroft, Ontario. 
The study area lies in aregion of transition 
between igneous and sedimentary bed- 
rock where lakes with differing productiv- 
ity are available for study. Most of these 
lakes have a single source of contami- 
nants: the atmosphere. The multidiscipli- 
nary research program is examining the 
general hypothesis that nutrients interact 
with contaminants by influencing four 
processes: bioaccumulation (and subse- 
quent effects), degradation, sedimenta- 
tion, and transport. Thus, the objective of 
the project is to identify the key variables 
that can be used to predict contaminant 
bioaccumulation, degradation and sedi- 
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mentation in lakes and to apply these 
findings to the Great Lakes. 


Contaminant bioaccumulation and 
effects 


In our initial studies, zooplankton from 
more than 30 MODLES lakes were ana- 
lyzed for contaminants. A strong inverse 
relationship between springtime total 
phosphorus concentrations in the lake 
water and the concentration of individual 
contaminants in the zooplankton was 
discovered. Thus, the premise that tro- 
phic status and contaminant dynamics 
are coupled appears to be correct. The 
next stage of the project will examine the 
processes by which trophic status may 
control contaminant pathways. The most 
obvious route is by controlling the total 
mass of biota into which contaminants 
partition. For some contaminants, strong 
inverse correlations were observed be- 
tween the abundance of zooplankton and 
the concentrations of contaminants they 
contain. Thus, factors determining zoo- 
plankton abundance, such as algal pro- 
ductivity and community structure (“bot- 
tom-up” control), fish predation (“top- 
down” control) and mean depth could be 
important in predicting bioconcentration. 
Several less obvious processes by which 
trophic state can influence contaminants 
are also being investigated. For example, 
in very unproductive systems, some 
phytoplankton produce colloidal poly- 
mers. These colloids may enhance bio- 
accumulation of organic contaminants by 
algae. 


Dissolved organic carbon in lakes may 
exert a strong influence on contaminant 
bioavailability, as is the case in terrestrial 
soils. In order to investigate this factor, 
methods of isolating natural dissolved 
organics without chemically altering them 
have been developed. Using these sen- 
sitive methods, samples of dissolved 
carbon, characteristic of different lake 
types, are being tested for their effects on 
contaminant bioaccumulation and parti- 
tioning. 


Contaminant degradation 


Several different aspects of contaminant 
degradation are under study in the pro- 
ject. We hypothesize that if heterotrophic 


bacteria are able to metabolise contami- 
nants, they will do so faster in eutrophic 
systems. To investigate the influence of 
nutrient and organic substrates on biode- 
gradation rates, microcosms have been 
constructed to permit experiments under 
relatively controlled and reproducible 
conditions. Other studies are providing 
increasing evidence that reductive proc- 
esses are important in contaminant deg- 
radation. One of the most important of 
these is reductive dechlorination (i.e., the 
replacement of an organically bound chlo- 
rine atom by a hydrogen atom). Such 
reactions are being studied in the labora- 
tory with model reactants and with sedi- 
ments from MODLES lakes. The ultimate 
aim is to compare contaminant reactivity 
in the laboratory with that of the environ- 
ment. Finally, another study is attempting 
to identify the dominant yeasts and molds 
in selected MODLES lakes and to define 
their role in contaminant degradation. 


The trophic state of a water body may also 
influence the non-biological degradation 
of contaminants. For example, many 
compounds for which photolytic break- 
down is not normally important exhibit 
enhanced photolysis rates when natural 
dissolved organic carbon or algae are 
present. These reactions appear to pro- 
ceed via reactive intermediates, such as 
singlet oxygen, superoxide and hydrogen 
peroxide, which are produced in natural 
waters by sunlight. The factors control- 
ling formation of these reactive species in 
lakes, as well as their subsequent reac- 
tions with contaminants, are being stud- 
ied. 

Contaminant sedimentation and 
transport 


The final disposition of some persistent 
contaminants in lakes is linked with the 
physical processes of sedimentation, 
resuspension and sediment transport. 
Interactions between these physical proc- 
esses and lake productivity may be impor- 
tant in influencing the distribution of con- 
taminants in lakes and lake organisms. 
For example, increased nutrient loading 
may increase the rate of sedimentation of 
persistent contaminants which could in- 
crease contaminant concentrations in 
benthic organisms and the fish that feed 
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onthem. Amajor deficiency in measuring 
these fluxes has been the lack of reliable 
methods for integrating sediment fluxes in 
turbulent waters. For this reason, work 
was begun on the development of a low 
cost sediment trap capable of functioning 
under these conditions. A trap has been 
designed and is being evaluated to deter- 
mine the influence of currents on catch 
efficiency. Field calibration of this and 
other trap designs is also under way. 


Project Chief: J.H. Carey 


Study Leaders; R.M. Baxter, 
F.M. Boyce, B.K. Burnison, 
F. Chiocchio, K. Kwasniewska, 
D.R.S. Lean, G.G. Leppard. 


Project Team: K. Edmondson, J.H. Hart, 
D.J. Nutley 


Recent publications 


Carey, J.H., D.R.S. Lean, W.D. Taylor and DJ. 
McQueen. 1989. The influence of lake trophic status 
on concentrations of atmospherically transported or- 
ganochlorine contaminants in lake zooplankton. 
NWRI Contribution No. 89-28. 


Burnison, B.K. and D.J. Nuttley. 1989. Purification of 
DNA for bacterial productivity estimates. NWRI 
Contribution No. 89-11. 


Baxter, R.M. 1989. Reductive dehalogenation of 
environmental contaminants: A critical review. NWRI 
Contribution No. 89-18. 


Lean, D.R.S., H.J. Fricker, M.N. Charlton, R.L. Cuhel 
and F.R. Pick. 1987. The Lake Ontario life support 
system. Can. J. Fish. Aquat. Sci. 44: 2230-2240. 


Leppard, G., J. Buffle, R.R. deVitre and D. Perret. 
1988. The ultrastructure and physical characteristics 
of a distinctive colloidal iron particulate isolated from 
asmall eutrophic lake. Arch. Hydrobiol. 113:405-424. 


Royer, L., F. Chiocchio and F.M. Boyce. 1987. 
Tracking short-term physical and biological changes 
in the Central Basin of Lake Erie. J. Great Lakes Res. 
12: 587-606. 
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RIVER MODELLING PROJECT 


Successful river basin management and 
development in environmentally sustain- 
able ways require a capability to model, 
predict and optimize complex interactions 
between natural and anthropogenic fac- 
tors. 


For example, water resources manage- 
ment requires predictive models of water 
quality and sedimenttransport, of channel 
change caused by river structures, and of 
flooding caused by runoff and ice jams. 
Habitat management and toxic chemical 
mitigation require models of contaminant 
loadings, riverine transport, and chemical 
fate and effects. Models are important not 
only for the understanding of complex 
river ecosystems, but also for predicting 
the temporal and spatial potential for 
aquatic impacts. An appropriate choice of 
models permits managers to select the 
optimum choices for resource manage- 
ment. 
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Although models of various riverine proc- 
esses are continuously being updated 
and new ones developed, there are many 
gaps in current knowledge. Only a few 
simple models have been proven reliable 
as general tools for river management; 
these tend to deal with simple parame- 
ters, such as oxygen and temperature, or 
with effluent diffusion. 


The River Modelling Project combines the 
study of physical, biological and bio- 
chemical processes with deterministic, 
quantitative synthesis and predictive 
techniques. Emphasis is on practical 
management issues in Canada’s rivers 
and basins. 


Inter-disciplinary research and collabora- 
tion with other projects at NWRI enables 
study of more complex problems. There 
is also extensive interaction with scien- 
tists developing expert systems for acid 
rain modelling. 


Non-point sources of poilution 


Despite recent improvements in the con- 
trol of polluted municipal and industrial ef- 
fluents, Known as point sources, water 
quality goals often remain unattainable 
without characterization and control of 
non-point source pollution, such as from 
agricultural and urban runoff. Ongoing 
studies have resulted in the development 
of loading functions for different contami- 
nants transported by urban runoff and for 
various types of urban developments. 
Agricultural runoff work has only begun 
recently, with a focus on nutrients and 
pesticides. Asmallresearchcatchment in 
the Upper Thames watershed is being 
instrumented to provide field data needed 
in development of agricultural runoff 
models. 


Participation in the inter-branch study of 
Hamilton Harbour, a seriously polluted 
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water body, has resulted in quantification 
of the combined sewer outflows into the 
harbour. 


Fine river sediments 


The strong adsorptive capacity of fine 
particles and their abundance in suspen- 
sion make them major “carriers” of toxic 
substances in river waters. Despite the 
past successes of coarse-sediment re- 
search, little is known about the hydrody- 
namic behaviour of fine particles, be- 
cause they are strongly influenced by 
their tendency to flocculate and form 
“cohesive” bonds. A major study has 
been initiated to address this knowledge 
gap. The program includes mathematical 
modelling of the flocculation process and 
its effects on erosion and deposition 
rates, laboratory experiments in rotating 
flumes to provide the fundamental knowl- 
edge and data needed for modelling, and 
field measurements to identify natural 
conditions and ranges of parameters. In- 
strumentation for measurement of the 
size distribution of primary particles and of 
flocs is being acquired and adapted for 
laboratory and in situ field uses. Such 
measurements have been made possible 
by recent advances in laser-optical tech- 
niques. 


A parallel study on the particulate trans- 
port of organic contaminants has also 
begun. Much of the modelling done to 
date relies on laboratory-derived parame- 
ters of partitioning between the solid and 
liquid phases. The study is intended to 
verify or modify this approach using ex- 
tensive field data in representative 
streams. 


Ice regimes 


The formation and breakup of ice in Cana- 
dian rivers has many repercussions on 
flood-plain management, northern devel- 
opment and hydro power production (e.g., 
clogging of reservoirs by frazil ice, head 
losses due to anchor ice, flooding due to 
ice jams). Because of the complexity of 
ice phenomena and lack of adequate 
data, river ice modelling is still in its in- 
fancy. 


With partial support from the hydro power 
industry, a laboratory study was recently 
initiated to investigate the transport, floc- 
culation and evolution of frazil ice, the tiny 
ice crystals that appear in rivers as soon 
as the water temperature drops just below 
the freezing point. The study will, at alater 
stage, include the related phenomenon of 
anchor ice that can accumulate on stream 
beds. 


Research into ice breakup, ice jams and 
related flooding includes field and labora- 
tory work. In cooperation with the New 
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Brunswick Department of Municipal Af- 
fairs and Environment, ice jam processes 
inthe Restigouche River, New Brunswick, 
are being documented. The Restigouche 
is alarge northern stream and, in ahydro- 
climatic sense, represents the opposite to 
the small streams of southwestern On- 
tario that have already been studied un- 
der our ice program. 


Asynthetic material (SYG-ICE) has been 
developed for laboratory study of ice 
breakup and jamming. SYG-ICE has the 
correct structural properties needed to 
simulate an ice cover at laboratory scale 
and room temperature. 


NWRI is also a co-sponsor, participant 
and scientific authority in the develop- 
ment of a comprehensive river ice model 
for Canadian water resource manage- 
ment applications. Initiated in 1988, this 
multi-agency, Canadian-led effort is 
scheduled to be completed in 1991. This 
project will cost an estimated $2 million. 


Optical monitoring systems 


An important component of research on 
aquatic processes is the capability to 
monitor water quality remotely and on a 
continuous basis. Past work on optical 
methods has produced successful tech- 
niques for measuring basic water quality 
parameters in lakes. For example, chlo- 
rophyll and dissolved organic carbon can 
be related to subsurface irradiance reflec- 
tance. This work uses mathematical algo- 
rithms of spectral characteristics to obtain 
correlations between water quality para- 
meters and spectral information obtained 
from satellite, aircraft or in situ optical 
instruments. 


Our optical monitoring research is now 
being extended to include real-time, river 
applications. The MOMS (multi-spectral 
optical monitoring system), developed 
earlier at NWRI, is being adapted to 
monitor river concentrations of sus- 
pended sediment on a continuous basis 
during both daylight and night-time hours. 
This would greatly improve present capa- 
bilities that rely on site visits and manual 
sampling. 


Project Chief: S. Beltaos 


Study Leaders: B.G. Brownlee, 
R.P. Bukata, B.G. Krishnappan, Y.L. Lau, 
J. Marsalek, G. Tsang. 


Project Team: J.E. Bruton, J. H. Jerome, 
G.A. MacInnis, H. Ng. 


Recent publications 


Beltaos, S. 1988. Configuration and properties of a 
breakup jam. Can. J. of Civ. Eng. 15: 685-697. 


Bruton, J.E., J.H. Jerome and R.P. Bukata. 1988. 
Satellite observations of sediment transport patterns 
in the Lac Saint-Pierre region of the St. Lawrence 
River. NWRI Contribution No. 88-87. 


El-Shaarawi, A.H., A. Maul and B.G. Brownlee. 1988. 
Modelling to dissolved oxygen change in streams 
using non-linear regression analysis. Environment 
Canada IWD Scientific Series No.163. 


Krishnappan, B.G. 1988. Modelling of settling and 
flocculation of fine-grained sediments. J. Hydraul. 
Eng., American Society of Civil Engineers (submit- 
ted). 


Lau, Y.L. 1988. Modelling of single grain and floc 
settling. NWRI Contribution No. 88-100. 


Marsalek, J.andH. Schroeter. 1989. Annual loadings 
of toxic contaminants in urban runoff from the Cana- 
dian Great Lakes Basin. Water Poll. Res. J. Canada 
(in press). 


Tsang, G. 1988. Development of mathematical 


modelling for prediction of river cooling and frazil and 
anchor ice formation. In: Proc. 5th NRC Workshop on 
Hydraulics of River Ice, Winnipeg, Manitoba (in 
press). 


Rotating annular flume for fine sediment transport research (under construction). A counter- 
rotating annular ring, not shown, will rest on the water surface to generate appropriate shear and 
to minimize secondary circulation. Outside diameter = 5 m; flume width = 30 cm; flume height = 


30 cm. 
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Sustainable Development Symposium 


On Friday, February 17, a one-day Sus- 
tainable Development Symposium was 
held by NWRI. Attended by over 300 
research scientists, engineers, techni- 
cians and other research support person- 
nel, the symposium sought to explain the 
critical issues surrounding the United 
Nations “Brundtland Report” and to re- 
view the goals and implications of sustain- 
able development. It also marked the 
beginning of a process to re-evaluate the 
long term strategic direction of the Insti- 
tute in support of sustainable develop- 
ment goals in Canada and abroad. 


The morning session, chaired by Dr. Ted 
Manning, Chief, Conservation Strategies, 
Canadian Wildlife Service, featured 
David Runnalls, Associate Director, Sus- 


COMING EVENT 


June 12-13, 1989: Workshop on Pesti- 
cide Contamination of Canadian 
Ground Waters. The workshop, to be 
held in Saskatoon, is organized in con- 
junction with the National Hydrology 
Research Institute/Canadian Water 
Resources Assocation (NHRI/CWRA) 
Symposium on Ground Water Contami- 
nation. The purpose of the workshop is to 
review present research and regulatory 
programs defining the occurrence of pes- 
ticides in ground water and to discuss fu- 
ture directions for research and regulation 
with respect to the ground water resource. 
For more information, contact the organ- 
izers, G. Grove, NHRI (Saskatoon), at 
(306)975-5741, or R.E. Jackson, NWRI, 
at (416)336-4587. 
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tainable Development Division of the In- 
stitute for Research on Public Policy. Mr. 
Runnals discussed sustainable develop- 
ment in the global context. He was fol- 
lowed by Colin Isaacs, Executive Director 
of Pollution Probe, who presented an 
environmental perspective of sustainable 
development. The industrial viewpoint 
was given by Adam Zimmerman, Chair- 
man and Chief Executive Officer of No- 
randa Forest Inc. The final speaker in the 
morning session was Anthony Cassils, 
Vice-President, CFG Heward Investment 
Management Ltd., who covered the eco- 
nomic aspects of sustainable develop- 
ment. 


The afternoon session was devoted to the 
federal government perspective, both 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a na- 
tional program of original research and 
development in the aquatic sciences, in part- 
nership with the international freshwater 
science community. The twin goals of the 
Institute are to advance scientific under- 
standing of national and international water 
issues important to Canada and to develop 
knowledge and authoritative expertise on 
these issues that can be used by Environ- 
ment Canada to influence decisions affect- 
ing the wise management of Canada’s water 
resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each focusing on 
a priority issue. Projects are grouped within 
three branches, the Lakes Research 
Branch, the Rivers Research Branch, and 
the Research and Applications Branch. 
Current long-term research priorities in- 
clude: toxic chemicals in the Great Lakes 
and the St. Lawrence River; exchange of 
toxic contaminants between air, water, sedi- 
ments, and biota; groundwater contamina- 
tion; pesticide contamination in rivers; acid 
rain; lake rehabilitation; and aquatic moni- 
toring, ecotoxicology, and risk prediction 
methodologies. 


national and international, chaired by Bev 
Burns, Director General, Conservation 
and Protection, Western and Northern 
Region. Speakers included Dr. Leslie 
Whitby, Director, Sustainable Develop- 
ment Branch, Canadian Wildlife Service; 
Dr. Andrew Hamilton, International Joint 
Commission; and Dr. Fred Roots, Sci- 
ence Advisor to the Deputy Minister, 
Environment Canada, who summarized 
the day’s presentations. To conclude the 
program the speakers formed a panel to 
answer questions from the audience. 


The symposium was informative and 
thought-provoking, providing a common 
base of understanding for future analysis 
and action. Consideration is being given 
to producing published proceedings of the 
symposium. 


NWRI Digest 


The NWRI Digest is the quarterly public — 
newsletter of the National Water Research 
Institute, Conservation and Protection, 
Environment Canada. Suggestions, com- 
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Water Research Institute, P.O. Box 5050, 
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SUSTAINABLE DEVELOPMENT AND WATER RESEARCH 


The Symposium on Sustainable Deve- 
lopment convened by NWRI in February 
1989 represents an important milestone 
in the Institute’s life. It is now clear to 
most environmental scientists that we 
must support and act on the recommen- 
dations of the United Nations’ World 
Commission on Environment and De- 
velopment. The Brundtland Report, as it 
is called, provides the most positive, 
pragmatic and action-oriented environ- 
mental philosophy yet articulated to re- 
gain global environmental security. 


Application of the RAISON Expert 
System in Malaysia 


¢ Biomonitoring of Organic 
Contaminants in the St. Lawrence 
River 


e Hamilton Harbour Flushing 
Processes 
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Water 
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Environnement 
Canada 


Equally clear is the special position of 
water in sustainable development. 
Long-term supplies and good quality 
water are a critical prerequisite for sus- 
tainable development. The water sector 
is therefore a key factor in future plan- 
ning, and water research contributes di- 
rectly to the rational conservation and 
management of aquatic resources. 


What changes in emphasis or direction 
at NWRI could strengthen our contribu- 
tion to this global effort? In our view, the 
Institute’s Current research programs on 
environmental protection and remedia- 
tion (e.g., toxic contaminants, acid/ 
toxic rain and climate change) are im- 
portant and must continue. Neverthe- 
less, sustainable development should 
serve increasingly as the critical frame- 
work for future program planning. New 
interdisciplinary studies concerned with 
ecosystem sustainability will need to be 
initiated. Better understanding is 
needed of aquatic ecosystem integrity, 
stability and “carrying capacity”, while 
new tools must be developed to 
forecast and predict the aquatic 
impacts of present and future develop- 
ment. In particular, we will need to forge 
new partnerships with economists and 
social scientists, a difficult but critical 
departure from our traditional way of 
doing business. 


The Brundtland Report emphasized the 
global character of sustainable devel- 
opment. Whatever is done in one Coun- 
try or continent affects all others. Simi- 


Environment 
Canada 


larly, the science and technology that 
will be needed to bring about sustain- 
able development must be created in- 
ternationally and shared around the 
world. To this end, we believe that 
NWRI, with its long-standing focus on 
international issues, has an important 
role to play. Two decades of research 
experience from the Great Lakes Basin, 
for instance, is a valuable asset we can 
offer to the international scientific com- 
munity. The basin and some of its Areas 
of Concern can serve as case studies of 
intemational remediation, pollution pre- 
vention and inter-jurisdictional man- 
agement. Greater international involve- 
ment will permit efficient use of pooled 
resources to mutual benefit and provide 
new knowledge of the ecological limits 
to sustainable development. 


The Brundtland Report, when viewed 
from a scientific perspective, clearly 
indicates the need for a new era in envi- 
ronmental research, one which focuses 
on understanding and_ predicting 
ecological sustainability. We believe 
there is the commitment and expertise 


within NWRI to move oe Sar ant 
direction. RA \ 
; We \ 
VA a 
J. Barica a 


Senior Limnologist &/ 
Lakes Research Branch), D of we 
and 

R.J. Daley 
Chief, Science Liaison Division 


een 


RESEARCH NEWS 


Application of the RAISON Expert System in Malaysia 


Dr. D.C.L. Lam, Rivers Research Branch, 
was invited by the International Develop- 
ment Research Centre (IDRC), Ottawa, to 
adapt and implement the RAISON (regional 
analysis by intelligent systems on a micro- 
computer) expert system for a water quality 
data management study in Malaysia, as part 
of a technology transfer program of Cana- 
dian scientific know-how to developing 
countries. Dr. Lam and J. Storey (University 


of Guelph) conducted a work session in 
Kuala Lampur in January 1989. Water qual- 
ity and sanitary survey data from over 500 
sampling stations in Malaysia are now 
stored and displayed in the RAISON/ 
MALAYSIA system. Dr. Lam also presented 
seminars on the RAISON system at the De- 
partment of Environment and the Environ- 
mental and Research Association of Malay- 


sia. The RAISON expert system was devel- 
oped at NWRI and has been used to predict 
acid rain effects based on several manage- 
ment scenarios. It is being used extensively 
in preparation for the 1990 National Assess- 
ment required by the federal-provincial Re- 
search and Monitoring Coordination Com- 
mittee of the Long Range Transport of At- 
mospheric Pollutants (LRTAP) program. 


Biomonitoring of Organic 
in the St. Lawrence River 


J.L. Metcalfe, Rivers Research Branch, and 
M.N. Charlton, Lakes Research Branch, un- 
dertook a study to evaluate native unionid 
mussels as biomonitors for organic con- 
taminants in the St. Lawrence River. 
Unionid mussels are large, abundant, sed- 
entary, non-selective in terms of habitat, 
and easily standardized for sources of bio- 
logical variability, hence, they are ideal can- 
didates for biomonitoring. 


Native freshwater mussels (E/liptio com- 
planata and Lampsilis radiata radiata) pro- 
vided information on the © origin, 
bioavailability and persistence of organic 
contaminants in the St. Lawrence River 
ecosystem. Individual mussels were ana- 
lyzed for 7 organochlorine pesticides, 
11 chlorobenzenes, octachlorostyrene, and 
63 PCB congeners. Bioconcentration pat- 
terns in mussel tissues implicated Lake On- 
tario as the source of mirex and DDT deriva- 
tives, and the Grass River as the major 
source of PCBs to the system. Numbers of 
PCB congeners in mussels increased from 
21-27 in the upper river to 56-59 in the 
Cornwall/Massena industrial area. An aver- 
age of 43 congeners persisted as far down- 
stream as Lake Saint-Pierre. Concentra- 
tions of most contaminants in mussels from 
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Contaminants 


the Ottawa River were 50-75% lower than 
the lowest values reported for the St. 
Lawrence River. Spatial distribution pat- 
terns for contaminants in mussel tissues 
generally reflected the known distribution of 
these compounds in bottom sediments and 
Clearly identified the major sources of sev- 
eral important contaminants, including DDT 
derivatives, mirex and PCBs. Congener- 
specific PCB analysis provided information 
on the persistence of various PCB com- 
pounds in mussels living downstream of the 
point source. 


Biomonitoring with mussels has several po- 
tential applications. It may be used to com- 
plement or supplement traditional ambient 
water and sediment monitoring programs, 
primarily to provide information on 
bioavailability. It can also be used to define 
the impact zone of point source pollution 
and to serve as a feedback mechanism for 
determining the effectiveness of pollution 
control measures as they are implemented. 


Reference: Metcalfe, J.L. and M.N. 
Charlton. 1989. Freshwater mussels as 
biomonitors for organic industrial contami- 
nants and pesticides in the St. Lawrence 
River. NWRI Contribution No. 89-60. 


Hamilton Harbour 
Flushing Processes 


The effects of the two-way exchange of 
water between western Lake Ontario and 
Hamilton Harbour on the harbour’s water 
quality have been investigated by NWRI 
and the Ontario Ministry of the Environ- 
ment. The joint study demonstrated the 
beneficial effects to the harbour of the epi- 
sodic, but substantial, inflow of relatively 
clean water from Lake Ontario. During the 
period of thermal water stratification, water 
inflow from the lake increased the dissolved 
oxygen content of the hypolimnion in the 
harbour. With the concurrent outflow from 
the harbour, however, contaminants asso- 
ciated with suspended sediments are trans- 
ferred to Lake Ontario. The contaminant 
transfer is greater than would have been 
predicted for a similar size water body 
without a complex and dynamic outlet like 
the ship canal. This new knowledge on 
water mass discharge from the harbour 
may affect the remedial options being 
formulated for the Hamilton Harbour 
Remedial Action Plan by both the federal 
and provincial governments. 


Reference: Barica, J., D. Poulton, B. Kohli 
and M.N. Charlton. 1988. Water exchange 
between Lake Ontario and Hamilton Har- 
bour: water quality implications. Water Poll. 
Res. J. Canada 23: 13-26. 


Trophic State Indicator 
for the Great Lakes 


In pre-settlement times, some areas of the 
Great Lakes could have been classified as 
mesotrophic (e.g., Green Bay, Saginaw 
Bay, and the western basin of Lake Erie). 
These areas are now eutrophic, but several 
water quality parameters indicate they are 
not as eutrophic as before. An integrative in- 
dicator is therefore required to indicate the 
re-establishment of mesotrophic condi- 
tions, which is the targeted objective for 
these areas. Dr. T. Reynoldson, Lakes Re- 
search Branch, and two scientists from the 
U.S. Fish and Wildlife Service have exam- 
ined the utility of using densities of mayfly 
larvae (Hexagenia limbata) in the sediments 
as an indicator of the lake trophic state. 
They concluded that when the mayfly densi- 
ties reach 200 individuals per square metre, 
the aquatic ecosystem would be considered 
mesotrophic with concurrent improvements 
in fish production and water clarity. 


Reference: Reynoldson, 1T.B., P.W. 
Schloesser and B.A. Manny. 1989. Devel- 
opment of a benthic invertebrate objective 
for mesotrophic Great Lakes. NWRI Contri- 
bution No. 89-02. 


Analysis of 
Nitrogen-Containing 
PAHs in Sediments 


Nitrogen-containing polycyclic aromatic 
hydrocarbons are formed in combustion 
processes and are reportedly more toxic 
than polycyclic aromatic hydrocarbons 
(PAHs). At the request of the Great Lakes 
Toxic Contaminants Committee, a relatively 
fast and simple method for the detection 
and quantitation of azaarenes (nitrogen- 
containing PAHs) in sediment samples has 
beendeveloped and reported by Dr. 
F. Onuska and K. Terry, Research and Ap- 
plications Branch. The method reports de- 
tection limits of 1 to 10 g/kg and can be in- 
tegrated with procedures for PAHs. Analy- 
sis of the azaarenes is achieved using open 
tubular column gas chromatography with 
thermionic detection and mass spectrome- 
try. The method was applied to Hamilton 
Harbour sediment samples and recoveries 
of individual azaarenes evaluated. 


Reference: Onuska, F.I. and K.A. Terry. 
1988. Identification and quantitative analy- 
sis of nitrogen-containing polycyclic aro- 
matic hydrocarbons in sediments. NWARI 
Contribution No. 88-79. 


New Chloronitrobenzene 
Method 


Chloronitrobenzenes have been reported in 
fish samples in the U.S. and Europe, but no 
validated analytical methods are available 
for these compounds in water and fish tis- 
sue. Dr. H.B. Lee, Research and Applica- 
tions Branch, and G.D. Kissoon of the 
Bayfield Institute, Department of Fisheries 
and Oceans, have developed a method for 
quantitative analysis of 14 chloronitroben- 
zenes in water and fish. The compounds are 
extracted with dichloromethane and 
cleaned up, using gel permeation and/or 
adsorption chromatography. Analysis is 
performed using capillary column gas chro- 
matography with electron-capture detec- 
tion. Detection limits of 2 ng/L for water 
samples and 5 ng/g for fish samples are 
possible. Confirmation is achieved by se- 
lected ion monitoring using two characteris- 
tic ions. The method, with only minor modi- 
fications, can be integrated into other meth- 
odologies for organochlorine insecticides. 


Reference: Lee, H.B. and G.D. Kissoon. 
1989. Determination and confirmation of 
chloronitrobenzenes in water and fish sam- 
ples. NWRI Contribution No. 89-81. 


Analysis of Trace Organics in 
Environmental Samples 


Drs. B.K. Afghan and A.S.Y. Chau of the Re- 
search and Applications Branch edited a 
recently released book entitled “Analysis of 
Trace Organics in Aquatic Environment.” 
The publication covers the practical as- 
pects of analytical methodology for trace or- 
ganics in environmental samples. It reviews 
the published work on the analysis, occur- 
rence, distribution, fate, effect and environ- 
mental impact of specific classes of com- 
pounds. Essential background information 
on the advantages and disadvantages of 
the various published methods is also dis- 
cussed. The book contains chapters on 
volatile halogenated and purgeable or- 
ganics, polychlorinated biphenyls, 
toxaphene, phenols, chlorinated dibenzo- 
p-dioxins and dibenzo furans, polycyclic 


aromatic hydrocarbons, phthalate, esters, 
organometallic compounds and humic 
substances. 


The work is intended to serve as a general 
reference for university and college stu- 
dents, as well as a practical reference for en- 
vironmental chemists and technologists. 
Each chapter covers practical applications 
of techniques, and provides state-of-the- 
art methodologies in current use with spe- 
cial reference to pumping, concentration, 
cleanup, quantitative and confirmatory 
analysis. 


Reference: Afghan, B.K. and A.S.Y. Chau 
[eds.]. 1989. Analysis of Trace Organics in 
Aquatic Environment. CRC Press, Inc., 
Boca Raton, Florida, 384 p. 


Patent on Frazil Ice 
instrument 


An instrument developed at NWRI for meas- 
uring the concentration of frazil ice has just 
received a Canadian patent. The patent, 
submitted by Dr. G. Tsang and M. Pedrosa, 
Rivers Research Branch, — contains 
15 claims. The instrument, which quantifies 
the percentage of ice in water, will be par- 
ticularly useful at power plants for monitor- 
ing frazil ice and deciding when to take 
action to prevent its formation at water in- 
takes. In extreme cases, adhesion of frazil 
ice and the resultant formation of anchor ice 
can shut down the power plant. A licence for 
manufacturing the instrument has been ac- 
quired by Artec Canada. 
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Research on Fine Sediment in Rivers 


Suspended sediments often carry with 
them a large portion of the toxic contami- 
nants which enter rivers and lakes. Hydro- 
dynamic processes governing fine sedi- 
ments are thus important to understanding 
the fate and pathways of such contami- 
nants. The Rivers Research Branch (RRB) 
continues to investigate fine sediment 
transport and its effects on other riverine 
processes. 


The importance of fine sediments in toxic 
chemical transport and the basic knowl- 
edge requirements for the development of 
mathematical models of fine sediment 
transport have been reviewed by Drs. B. G. 
Krishnappan and E.D. Ongley (RRB). Floc- 
culation was identified as the most impor- 
tant process requiring further research. 
Flocculation affects the fall velocity of fine- 
grained sediments which, in turn, affect 
rates of settling and deposition. At present, 
these processes cannot be calculated 
accurately. 


As part of NWRI research program on fine 
sediment transport, Dr. Y.L. Lau, RRB, has 
now developed a mathematical model of 
the settling process. The model has been 
used with data on settling to investigate the 
rate of flocculation. Results show that floc- 
culation increases as the square of the 
concentration. 


In another study, satellite data from the 
Landsat 4 and 5 satellites were utilized to il- 
lustrate the seasonal patterns of sediment 
transport and mixing in the Lake Saint- 
Pierre region of the St. Lawrence River. 
Landsat data were used to delineate tur- 
bidity zones, their seasonal patterns and 
their relationships with both bottom topog- 
raphy and near-surface temperature. Ex- 
tended zones of turbidity were identified 
which were independent and temporally 
persistent. This information will be useful in 
planning field strategies to better under- 
stand the fate of materials injected into the 
ecosystem. 


References 


Bruton, J.E., J.H. Jerome and R.P. Bukata. 
1988. Satellite observations of sediment 
transport patterns in the lac Saint-Pierre 
region of the St. Lawrence River. NWRI 
Contribution No. 88-87. 


Krishnappan, B.G. and E.D. Ongley. 1988. 
River sediments and contaminant trans- 
port : changing needs in research. NWRI 
Contribution No. 88-95. 


Lau, Y.L. 1988. Modelling of single-grain 
and floc settling. NWRI Contribution 
No. 88-100. 


Automated Method for 
Boron in Water 


Boron occurs naturally in small amounts 
(g/L) in most Canadian waters and is also 
released as an industrial and domestic pol- 
lutant. Boron, in the form of borates, is also 
an important component of the acid/base 
neutralizing system of natural waters and, 
hence, reliable boron data are important in 
the study and management of acid rain. At 
the request of the National Water Quality 
Laboratory, a sensitive, automated method 
for the determination of boron has been de- 
veloped in the Research and Applications 
Branch. The method employs flow injection 
analysis with on-line ion exchange pre- 
concentration and the colorimetric determi- 
nation of the azomethine-H boron complex. 
The detection limit of the method was 1 j1g/L 
when ten samples were run per hour (5 ug/L 
at 20 samples per hour). For concentrations 
between 1 and 10 9 /L, the relative standard 
deviations (RSDs) were 10% or less; for 
higher concentrations (10-200 g/L), the 
RSDs were 5% or less. The method is quan- 
titative, Convenient, interference-free and 
requires no sample pre-treatment. 


Reference: Sekerka, |. and J.F. Lechner. 
1989. Automated method for the determina- 
tion of boron in water. NWRI Contribution 
No. 89-93. 


Technology Transfer Mission to Bangladesh and Pakistan 


Dr. B.G. Krishnappan, Rivers Research 
Branch, was one of three members of a Ca- 
nadian delegation chosen by the Canadian 
Society for Civil Engineering for a recent 
technology transfer mission to Bangladesh 
and Pakistan financed by the Canadian In- 
ternational Development Agency (CIDA). 
Dr. Krishnappan conducted workshops on 
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New Appointments 


Dr. T. Reynoldson of the Lakes Research 
Branch has been appointed as the Cana- 
dian Co-chairman of an International Joint 
Commission bi-national committee. For 
the next two years, the committee will be de- 
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the MOBED model at Dacca in Bangladesh, 
and Karachi and Lahore in Pakistan. The 
flood-level predicting capability of the 
model was emphasized at Dacca, since 
there is a great need in Bangladesh for flood 
level forecasts. In Pakistan, discussions 
centred on prediction of tidal flows and sedi- 
mentation in shipping channels and on the 


veloping ecosystem objectives for the Great 
Lakes in support of the revised Great Lakes 
Water Quality Agreement (GLWQA). The 
1987 revision of the GLWQA of 1978 calls for 
the development of lake ecosystem objec- 


responses of river systems to stresses re- 
sulting from irrigation schemes. Lahore has 
one of the most sophisticated irrigation sys- 
tems in the world. Strong interest was expe- 
rienced in the MOBED model. The mission 
provided an effective opportunity to pro- 
mote the Canadian technology developed 
at NWRI in these two developing countries. 


WS 


tives for each lake which recognizes the 
characteristics needed to maintain the 
chemical, physical and biological integrity | 
of the aquatic ecosystem. 


Dr. H.H. Vaughan has joined the staff of the 
Rivers Research Branch where he will work 
as Science Liaison Officer. Before joining 
NWAI, Dr. Vaughan was Head, Monitoring 
and Agreements of Water Quality Branch, 
Western and Northern Region. He has also 
worked for the Canadian Wildlife Service 
and the Nova Scotia Department of the 
Environment. 


Awards 


M. Comba, research technologist with the 
Lakes Research Branch, has received a De- 
partmental Merit Award for his outstanding 
contribution to the success of field and labo- 
ratory studies on the transport, fate and ef- 
fects of contaminants in the St. Lawrence 
River. 


N. Harper, research technologist with the 
Lakes Research Branch, has received a De- 
partmental Citation of Excellence for her in- 
itiative and perseverance in coordinating 
the Employee Assistance Program at the 
Canada Centre for Inland Waters. 


PROJECT FOCUS 


GROUNDWATER CONTAMINATION PROJECT 


Leaching from waste disposal sites and 
pesticide used in agriculture contribute to 
groundwater pollution that contaminate 
wells and also, sometimes, surface waters. 
In Eastern Canada, groundwater is particu- 
larly important, especially in southern On- 
tario, the St. Lawrence valley and the Mari- 
time provinces, where it is used for munici- 
pal, agricultural and industrial needs. 


The research program of the Groundwater 
Contamination Project (Rivers Research 
Branch) focuses on the migration and fate of 
toxic contaminants in groundwater using in- 
strumented field sites, laboratory experi- 
ments, and mathematical models done in 
collaboration with the University of New 
Brunswick. 


There are three general objectives to the 
work: 1) to understand the physical and 
chemical controls on contaminant migra- 
tion and fate in sedimentary rock aquifers; 
2) to develop and/or apply operational tools 
for hazardous waste site assessment and 
restoration of outwash aquifers; 3) to pro- 
vide expert advice on groundwater pollution 
matters of federal concern in Eastern 
Canada. 


Hydrogeology of the Niagara 
frontier 


About 164 hazardous waste sites have been 
identified within five kilometres of the Niag- 
ara River on the U.S. side of the Can- 
ada-U.S. border. Seepage from these sites 
poses a grave threat to the quality of both the 
Niagara River and Lake Ontario. A coopera- 
tive study between hydrogeologists from 
NWRI and the U.S. Geological Survey is 
under way to understand the regional 
groundwater flow patterns on both sides of 
the frontier. During 1988, 150 hydraulic 


tests in two boreholes in the fractured bed- 
rock of the Niagara Falls (New York) area 
were conducted to identify the hydraulic 
properties of the fractured bedrock and to 
define the regional groundwater flow pat- 
tern in this contaminated area. 


Hydrogeological assessment of 
hazardous waste sites 


NWRI scientists are working with engineers 
from the Wastewater Technology Centre at 
the Canada Centre for Inland Waters and 
various consulting firms to appraise 
groundwater contamination at several haz- 
ardous waste sites at which federal funds 
are being spent to restore aquifers or to 
assess cleanup options. These sites in- 
clude the Uniroyal Chemicals plant in 
Elmira, Ontario; the Ville Mercier dump site, 
south of Montréal; the coke oven site at the 
Sydney Steel Works, Nova Scotia; and the 
Gloucester Landfill site, near Ottawa. The 
review of these studies revealed that proper 
hydrogeological and chemical investiga- 
tion of the site is required prior to selection of 
appropriate remedial technologies in order 
to minimize the cleanup costs. 


Hydrogeology of fractured rock 


A field site at Petro-Canada’s Clarkson, 
Ontario, refinery has been established 
jointly by the Waterloo Centre for 
Groundwater Research and NWRI. The site 
is used to assess the importance of fracture 
apertures, spacings and orientations on the 
hydraulic properties of sedimentary rocks. 
The work is of primary importance in the 
Great Lakes region because of the intimate 
relationship between bedrock fractures and 
the migration of toxic chemicals from haz- 
ardous waste sites. 


Data were obtained from 13 boreholes on 
the site. An analytical model and a graphi- 
cal method were developed for the analysis 
of the hydraulic tests used to assist in the in- 
terpretation of the field data. Two independ- 
ent fractures were found in the shale bed- 
rock at 9.8 and 10.5 metres depth with mean 
apertures of 53 and 104 micrometers. Labo- 
ratory simulations of these fractures suggest 
that slight variations in mean aperture width 
lead to substantial channelling of contami- 
nants in fractured rock, thereby making the 
task of predicting contaminant transport in 
fractured rock even more difficult. 


Biodegradation of groundwater 
contaminants 


Detailed chemical analysis of groundwaters 
contaminated with organic solvent residues 
at the Gloucester Landfill site, near Ottawa, 
have shown the presence of several freon 
products. The parent compound is F113, a 
solvent used in chemical analysis and in 
microelectronic manufacturing and associ- 
ated with several very large plumes of con- 
taminated groundwater in the United States. 
NWRI scientists have discovered that this 
seemingly stable compound, associated 
with ozone degradation in the upper atmos- 
phere, is in fact unstable in anoxic 
groundwater and breaks down by reductive 
dehalogenation and elimination reactions. 


While F113 is quite harmless, there is con- 
cern that the degradation products are not, 
in particular F1113, an analog of the human 
carcinogen vinyl chloride. Cooperative 
studies with U.S. workers have shown that 
these biotransformation reactions are prob- 
ably the result of free radical formation 
involving cytochrome P-450 enzyme 
systems. 
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Fate of aldicarb in the sandstone 
aquifer of PEI 


Continued monitoring of aldicarb pesticide 
contamination of the sandstone aquifer of 
Prince Edward Island has shown that al- 
dicarb is extremely persistent in the acid 
soils beneath the potato fields on which it is 
used. Despite its high mobility in soils and 
the fractured sandstone aquifer, aldicarb 
has remained at relatively high concentra- 
tions in the aquifer for over two years since 
its last application. 


Detailed monitoring over the course of one 
month demonstrated that 10% of all of 
NWRI’s monitoring wells had aldicarb con- 
centration in excess of the National Health 


and Welfare’s 9 ppb drinking water guide- 
line, but 50% had nitrate concentrations in 
excess of the 10 ppm guideline. This sug- 
gests that nitrate may pose a more serious 
groundwater contamination problem in the 
Maritimes. 


Project Chief: R.E. Jackson 


Study Leaders: A.S. Crowe, S. Lesage, 
K.S. Novakowski 


Project Team: P.A. Lapcevic, M.W. Priddle 


Recent publications 


Crowe, A.S., R.E. Jackson, S. Lesage and M.W. 
Priddie. 1988. Contamination of groundwater 


ANALYTICAL CHEMISTRY PROJECT 


The main objectives of the Analytical Chem- 
istry Project of the Research and Applica- 
tions Branch are: to develop new and im- 
proved analytical methods as well as 
screening and sampling procedures which 
are accurate, cost-effective, sensitive and 
unambiguous for the identification and 
quantification of contaminants in aquatic 
ecosystems; to play a lead role in documen- 
tation, validation and standardization of 
analytical methodologies to ensure accu- 
racy and reliability of analytical data; to pro- 
vide NWRI with sophisticated instrumenta- 
tion and facilities; and to transfer developed 
methods and technologies to the national 
and regional laboratories of Inland Waters 
Directorate and a wide variety of other 
“clients”. 


Operation of sophisticated 
instrumentation and facilities 


A tribrid mass spectrometer has been ac- 
quired jointly by NWRI and the National 
Water Quality Laboratory. This instrument 
will be used by NWQL for routine analyses 
of organics and by NWRI for research activi- 
ties on mass spectrometry. Due to the ver- 
Ssatility of the instrument, many advanced 
mass spectral experiments are available for 
future research works (e.g., linked scanning 
of parent and daughter ions, high and low 
energy collision-induced dissociations, ion 
molecule reactions by fast atom bombard- 
ment, thermal spray and plasma spray LC- 
MS, etc.). 


Chemist doing on-site groundwater measurements in a 200-metre borehole at Navy Island 
in the Niagara River, Ontario. 
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from the Gloucester Landfill at the Ottawa Interna- 
tional Airport. /n Proceedings of Environmental 
Workshop ’88. Environmental Issues at Federal 
Facilities, Winnipeg, Manitoba, Transport 
Canada. 


Jackson, R.E. and K.J. Inch. 1989. The in situ ad- 
sorption of Sr 90 in a sand aquifer at the Chalk 
River Nuclear Laboratories. J. Contaminant Hy- 
drology 4(1): 27-50. 

Jackson, R.E., S. Lesage and M.W. Priddle. 1989. 
Sampling and analysis of groundwater quality at 
hazardous waste sites in Eastern Canada. Sym- 
posium on Ground Water Contamination, Sas- 
katoon, Saskatchewan, June 1989 (in press). 


Lesage, S. 1989. Solid-phase sample collection 
for the analysis of aldicarb residues in 
groundwater. LC-GC 7(1): 270-271. 


Raven, K.G., K.S. Novakowski and P.A. Lapcevic. 
1988. Interpretation of field tracer tests of a single 
fracture using a transient solute storage model. 
Water Resources Research 24(12): 2019-2032. 


The Clean and Hazardous Chemicals Labo- 
ratory operated by the Project is providing 
analytical data for highly toxic contaminants 
at ultra-trace levels. The laboratory offers 
maximum protection to workers and mini- 
mizes cross-contamination of samples. 
Currently, priority samples are being ana- 
lyzed for dioxins and furans. Gravity flow 
chromatography, flash chromatography, 
and solid phase extraction and cleanup pro- 
cedures will be investigated to develop 
faster and improved methods for sample 
treatment. 


Detection of toxic and mutagenic 
effects at sub-cellular level 


The evaluation of pollutants in terms of their 
toxic, carcinogenic and mutagenic effects is 
largely confined to the determination of mor- 
tality, the occurrence of tumours and of im- 
perfections in offspring. It is appropriate 
then to look at sub-cellular level to deter- 
mine what causes death, tumour formation 
and deformed young. Laboratory tech- 
niques are developed to routinely determine 
and characterize compositional and physi- 
ological changes in genetic material and as- 
sociated protein substances. The tech- 
niques will provide the capability to screen, 
categorize and regulate environmental con- 
taminants with a much greater appreciation 
for their potentially detrimental effects. 


Development of analytical methods 


The liquid chromatography (LC) with 
multi-detection capability offers a great po- 
tential for environmental analysis. A wide 
range of compounds can be analyzed, 
ranging from volatile to non-volatile, with 
molecular weights differing as much as 3-4 
orders of magnitude from each other. The 
high pressure/liquid chromatography 
multi-detection system will be used for de- 
veloping improved methods __ for 
polynuclear hydrocarbons. The analytical 
potential of the above system, in conjunc- 
tion with pre-column and post-column 
derivatization, will be explored. 


Optimization of gas-liquid chromatogra- 
phy, coupled with advanced computer 
techniques, will be used to systematically 
group unknown peaks in the 
chromatograms of environmental samples. 
Result files from the data-collecting com- 
puter will be transferred to powerful PCs 
that will then enter the results for target 
compounds into a “spread sheet” format 
which can be transmitted to the VAX or 
made available to the client. 


Screening techniques are developed for 
the detection of trace organic contami- 
nants. In previous years, a radioim- 
munoassay (RIA) for the detection of 
polychlorinated dibenzo-p-dioxins was 
developed. In that work problems were ex- 
perienced with the labelled dioxin deriva- 
tive (hapten) used in the RIA. An alternative 
hapten has been synthesized and will be 
fully evaluated in the RIA using both 
polyclonal and monoclonal antibodies. 
The extraction and cleanup method will un- 
dergo final validation at low spiking levels. 
Evaluation of two immunoassay methods 
for the detection of atrazine and related tri- 
azine herbicides in water will also be com- 
pleted. An improved rapid extraction and 
cleanup procedure for use with these im- 
munoassays will be developed and vali- 
dated. 


An analytical method for the determination 
of the resin and fatty acids commonly found 
in pulp mill effluents is to be developed. 
Existing methods lack the sensitivity re- 
quired for many environmental samples. 
The formation, GC resolution, cleanup and 
analysis of the pentafluorobenzyl ester de- 
rivatives of the resin and fatty acids will be 
examined. The use of NICI-MS for the con- 
firmation and quantitation of resin and fatty 
acid in complex effluent extracts will be 
examined. 


Organic acids are relatively less known 
than inorganic acids, partly due to the fact 


that they readily disintegrate and therefore 
the analysts do not usually find them during 
analysis time. Yet they are present in most 
samples and are an integral part of the vari- 
ous processes in the aquatic environment. 
Liquid chromatographic methodology for 
the determination of organic acids in envi- 
ronmental samples will be developed. The 
preferred mode will be identified and ap- 
plied to pulp mill effluent analyses. 


Development of extraction, 
pre-concentration and injection 
techniques 


The extraction and recovery of organic con- 
taminants is a critical and often limiting step 
in analysis schemes used to identify and 
determine organic pollutants. The use of 
supercritical fluids for analytical extractions 
can provide a powerful alternative to tradi- 
tional extraction techniques. Supercritical 
fluid extractions can be performed at low 
temperatures and usually no pre-concen- 
tration procedures are required, thus re- 
ducing the potential for loss of analytes and 
possible thermal degradation. 


Large sample extraction technology, devel- 
oped within the Analytical Chemistry Pro- 
ject, has become a routine pre-concentra- 
tion method for the determination of “target 
compounds” at parts-per-trillion levels. 
The technology was accepted by the “Four 
Parties” administering the Niagara River 
Toxics Management Plan as the method to 
be used. The technology has been applied 
successfully in Great Lakes surveillance 
toxics monitoring. The current study is de- 
voted to the development of the large- 
sample extraction systems suitable for use 
with a variety of environmental aqueous 
matrices and to integrate the pre-concen- 
tration technology with improved 
“cleanup” and analytical procedures. 


The flow injection analytical system (FIA), 
developed by the Project, is optimizing the 
effectiveness and economy of environ- 
mental laboratories and environmental 
monitoring. FIA methods for Mg, Ca, Ba, 
Na, K, NH,, NOs’, NOz", PO,3~, CN™, alka- 
linity and acidity are now used on a routine 
basis. An automated robot system has 
been developed for presenting large num- 
bers of samples to the FIA system. In the 
final version, it will handle entire strings of 
operations required for the analysis 
(i.e. sample identification, delivery to the 
analyzer, operation of the analyzer, data 
collection, calculation of the results, statis- 
tical evaluation and storage of the data). 


A. LEACHING PROCESS 


ANALYSIS 


B. STEADY-STATE EXTRACTION 


EXTRACTION 


ANALYSIS 


Schematics of the leaching (A) and 
steady-state extraction (B) illustrating 


supercritical fluid extraction-high 
resolution gas chromatography 
interfacing technique (SFE-HRGC). 
P, high pressure pump; E, extraction 
vessel; V1, 6-way switching valve; 
V-2, on/off valve; A, accumulator; d, 
detector; OTC, open tubular column; 
R, restrictor. 


Page 7 


Project Chief: |. Sekerka 


Study Leaders: B.K. Afghan, 
D.H.J. Anthony, V.Cheam, S.A. Daniels, 
H.B. Lee, F.1. Onuska, B.F. Scott, J.P. Sherry 


Project Team: 
R.J. Wilkinson 


J.F. Lechner, KA. Terry, 


Recent publications 


Cheam, V. and E. Xue Li. 1988. lon 
chromatographic determination of low level Cd 
(Il), Co (Il), and Mn (II) in water. J. Chrom. 450: 
361-371. 


Lee, H.B. 1988. Perfluoro and chloro amide de- 
rivatives of aniline and chloroanilines—-their for- 
mation and gas chromatographic determination 
by mass selective and electron apture detectors. 
J. Chromatogr. 457: 267-278. 


Scott, B.F. and F.!. Onuska. 1989. Analysis of 
polychlorinated biphenyls by dual column gas 
chromatography. NWRI Contribution No. 89-85. 


Sherry, J.P., J. ApSimon, L. Collier, B.K. Afghan 
and P. Albro. 1988. Radioimmunoassay for the 
detection of polychlorinated dibenzo-p-dioxins 
in environmental samples: method description. 
NWRI Contribution No. 88-73. 


Onuska, F.!. 1989. Techniques and procedures 
for preparation of aquatic samples for 
chromatographic analysis. J. High. Resolut. 
Chromatogr. 12: 4-11. 


Sekerka, |. and J.F. Lechner. 1988. Determina- 
tion of alkalinity of water by FIA with conduc- 
tometric detection. _NWRI Contribution No. 
88-68. 


Sekerka, |. and J.F. Lechner. 1988. Determina- 
tion of acid neutralizing capacity of water and re- 
lated problems. Int. . Environ. Anal. Chem. (in 
press). 


Regulation on Tributyltin 


Agriculture Canada has recently an- 
nounced a limited ban on tributyltins (TBT) 
used as antifoulants for ship hulls. The regu- 
lation prohibits the use of tributyltin on ves- 
sels less than 25 m in length. For vessel 
larger than 25 m, there will be a maximum 
daily release rate of 4 micrograms of tributyl- 
tin per square centimetre of hull surface. 
The regulation is similar to the ones adopted 
by France and England, and is identical to 
U.S. regulations. It came after several years 
of research done at NWRI on the occurrence 
of TBT in water, fish and sediments, and on 
the degradation and persistence of TBT in 
water and sediments. 
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COMING EVENTS 


October 17-18, 1989. Workshop on the 
Mackenzie Delta: Environmental Inter- 
actions and Implications for Development 
to be held at the National Hydrology Research 
Centre, Saskatoon. This workshop will be 
interdisciplinary in nature with both invited and 
submitted presentations covering a range of 
topics dealing with the Mackenzie Delta 
ecosystem. The number of participants will 
be restricted to a maximum of 60 in order to 
encourage dialogue. There will be no 
registration fee for this workshop. The 
researchers and managers planning to 
contribute should submit a 300-500 word 
abstract, by September 1, 1989, to the 
Scientific Information Division, National Hy- 
drology Research Institute, Environment 
Canada, 11 Innovation Boulevard, Saskatoon, 
Saskatchewan S7N 3H5. For further 
information, contact Brenda Doell at 
(306) 975-4022, or Simon Ommanney at 
(306) 975-5751. FAX: (306) 975-5143. 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research 
and development in the aquatic 
sciences, in partnership with the 
international freshwater science 
community. The twin goals of the 
Institute are to advance scientific 
understanding of national and 
international water issues important to 
Canada and to develop knowledge and 
authoritative expertise on these issues 
that can be used by Environment 
Canada to influence decisions affecting 
the wise management of Canada’s 
water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each 
focusing on a priority issue. Projects are 
grouped within three branches, the 
Lakes Research Branch, the Rivers 
Research Branch, and the Research 
and Applications Branch. Current 
long-term research priorities include: 
toxic chemicals in the Great Lakes and 
the St. Lawrence River; exchange of 
toxic contaminants between air, water, 
sediments, and biota; underground 
contamination; pesticide contamination 
in rivers; acid rain; lake rehabilitation; 
and aquatic monitoring, ecotoxicology, 
and risk prediction methodologies. 


February 13-14, 1990. Workshop on Appii- 
cations of Remote Sensing in Hydrology. 
This workshop will be held at the National 
Hydrology Research Centre in Saskatoon. 
Session 1, “Hydrologic Models”, will 
concentrate on applications of satellite data in 
hydrological watershed models and will 
include sessions on means of increasing the 
utility of satellites for hydrological modellers. 
Session 2, “Microwave Hydrology”, will 
emphasize the benefits of microwave remote 
data collection for hydrological monitoring, 
modelling and forecasting on watershed and 
global scales. Please submit abstracts of 
300-500 words, before September 30, 1989, 
to Dr. Geoff Kite, (306) 975-5687, or Dr. 
Anthony Wankiewicz, (306) 975-5143, 
National Hydrology Research Centre, 
Environment Canada, 11 Innovation Bou- 
levard, Saskatoon, Saskatchewan S7N 3H5. 
FAX: (306) 975-5143. 


NWRI Digest 


The NWRI Digest is the quarterly public 
newsletter of the National Water 
Research Institute, Conservation and 
Protection, | Environment Canada. 
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Research Institute, P.O. Box 5050, 
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LRTAP PROGRAM — PAST, PRESENT AND FUTURE 


Formal planning for the aquatic 
portion of a federal LRTAP program 
commenced as an intensive exercise for 
a multi-departmental scientific com- 
mittee in which the Department, then 
called Fisheries and Environment, 
took part. After much discussion and 
negotiation, the program was imple- 
mented in 1981 and, with iteration and 
revision, is reaching the end of a major 
phase in the development of the 
scientific understanding of lake 
acidification. 
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The LRTAP program defined a 
management structure to maintain 
coordination, project approval and 
funding, and to ensure the finalization 
of reporting as required by the 
overseeing Research and Monitoring 
Coordinating Committee (RMCC). 
Inter-departmental program coordi- 
nation was located at the Atmospheric 
Environment Service, whereas coordi- 
nation of the aquatic effect compo- 
nents was lodged at NWRI under the 
direction of F.C. Elder. Following Mr. 
Elder’s retirement, this position has 
been occupied by Dr. D.S. Jeffries. 


As invariably occurs in Canadian 
national programs, there is a tendency 
for a program to become highly 
regionalized. This happens in manage- 
ment and program delivery as the 
regional conditions come into play and 
modify the central themes as defined 
at the national level. This took place 
to some extent in the LRTAP program 
and NWRI assembled an informal 
working group to ensure that the final 
synthesis would both conform at the 
national level and would allow smooth 
synthesis, interpretation and report- 
ing of data. This group consisted of 
regional representatives from across 
the country, including provincial 
agencies, together with representation 
from the Department of Fisheries and 
Oceans. At the core of the group were 
a number of NWRI scientists who 
formed a focus and a resource for the 
discussions of the group. In this way, 
all pertinent data were lodged in the 
NWRI computer, and edited by NWRI 


Environment Environnement 


staff. Processing of the data, 
parameters to be used, and subdivision 
into geographical regions were by the 
combined agreement of the working 
group. Data were processed through 
RAISON, a data management and 
selective modelling system. This 
system was developed by NWRI and 
has been utilized by staff to predict the 
results of a range of sulphate control 
options, including those recently 
proposed by U.S. President Bush. 
Results have already been forwarded 
to the RMCC Report Writing Team, 
while a detailed technical report will 
be prepared by the informal working 
group. 


It is now quite clear that major 
progress is being made in the control 
of sulphate emissions in the U.S. and 
Canada. The predictions of the 
beneficial effects to be derived from 
present and future controls have been 
made and only time will tell whether or 
not the predictions are correct. It 
would therefore appear that the future 
LRTAP program will be one of 
monitoring to corroborate that reduc- 
tions are being achieved and to 
address emerging LRTAP issues such 
as nitrogen oxides. It is assumed that, 
through guidance to the regions and 
continuation of the Turkey Lakes 
monitoring program, NWRI will con- 
tinue to be deeply involved. 


R.L. Thomas 
Senior Scientist 
Rivers Research Branch 
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Lead Concentrations Decline in the Lower Great Lakes 


Analyses of surface waters in lakes 
Ontario and Erie have revealed that 
dissolved lead concentrations are an 
order of magnitude lower than those 
reported in 1986. The samples were 
collected in August 1987 utilizing 
“clean-sampling” and “clean-lab” 
technologies in a collaborative effort 
involving scientists from the Lakes 
Research Branch (NWRI), the Univer- 
sity of California’s Institute of Marine 
Sciences, and Lawrence Livermore 
National Laboratory and the Moss 
Landing Marine Laboratories (Califor- 
nia). The application of these new 
methods, which minimize contamina- 
tion during sampling and analysis, 


Water Quality Models 


The Commission of the European 
Community is in the process of 
organizing a workshop on acidification 
processes in remote lakes. In 
recognition of NWRI’s expertise in 
watershed acidification modelling, the 
workshop organizers invited staff from 
the Rivers Research Branch to review 
several models for potential applica- 
tion to remote mountain lakes. The 
results have been released recently. 


Drs. W.G. Booth and D.C.L. Lam have 


Tainted Fuel Incident 


Last May, a series of articles published 
in the Toronto Globe and Mail 
suggested that tainted fuels were 
imported in Canada. According to the 
reports, significant quantities of fuels, 
deliberately contaminated with haz- 
ardous waste materials, such as PCBs 
and other chlorinated compounds, 
were imported into Canada from the 
United States. A massive investigation 
was mounted by Environment Canada, 
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explains the apparent dramatic de- 
cline. Average concentrations in this 
preliminary reconnaissance were 16 
nanogram/L in Lake Erie and 6 
nanograms/L in Lake Ontario. Higher 
values were found in the western basin 
of Lake Erie (28 ppt) and in Hamilton 
Harbour (60 ppt). These low concen- 
trations in the dissolved phase may 
indicate that processes incorporating 
lead into or onto biological or 
mineralogical material are extremely 
active relative to processes reversing 
this trend, or that inputs to the open 
lake epilimnions are low during 
summer. 


prepared an extensive review of recent 
(1978-1988) water quality models 
developed for predicting the impacts, 
pathways, fate and effects of nutrient 
and toxic chemicals in freshwater 
systems. The principal characteristics 
and applications of 38 nutrients and 35 
toxic chemical models are summarized 
in a table format, which will allow 
researchers and managers to quickly 
review the availability of models 


in collaboration with other federal and 
provincial agencies, to circumscribe 
the extent and nature of the problem. 
Staff of the Research and Applications 
Branch provided assistance to this 
effort in the area of analytical 
chemistry and quality assurance. Dr. 
B.F. Scott contributed his expertise in 
the selection of the methods to be used 
for the analysis of tainted fuel samples 
and, in cooperation with the National 


Stable lead isotope analyses of these 
samples suggested that the sources of 
lead in Lake Ontario were dominated 
by aerosols from the Toronto area, 
while they were dominated by aerosols 
typical of U.S. urban areas in south- 
western Lake Erie. These results will 
be corroborated over the next field 
season and the samples will be 
analyzed in the new “clean-lab” 
facilities recently installed at NWRI. 


Reference 


Flegal, A.R., J.O. Nriagu, S. Niemeyer and 
K.H. Coale. 1989. Isotopic tracers of lead 
contamination in the Great Lakes. Nature 339: 
455-458. 


suitable for specific water quality 
concerns. 


References 


Booty, W.G. and D.C.L. Lam. 1989. Freshwater 
ecosystem water quality modelling. NWRI 
Contribution 89-63. 


Jeffries, D.S., D.C.L. Lam, A.G. Bobba and 
W.G. Booty. 1989. Modelling acidification 
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89-114. 


Water Quality Laboratory, carried out 
the analysis of some 80 samples for 
PCB congeners and other or- 
ganochlorine substances. Members of 
the Quality Assurance Project de- 
signed and conducted a special inter- 
laboratory quality assurance study 
aimed at ensuring the comparability of 
the data generated by the various 
laboratories participating in the analy- 
sis of fuel samples. 


Athabasca River Study: Update 


The Rivers Research Branch (RRB) has 
received funding from the federal 
Panel on Energy Research and Deve- 
lopment (PERD) for a five-year project 
on the lower reaches of the Athabasca 
River in northeastern Alberta. This re- 
gion has two existing tar sand plants 
which produce synthetic crude oil, and 
a third plant is planned. Dr. E.D. 
Ongley, Director of RRB, is the pro- 
gram manager. The large study will in- 
volve more than 15 scientists and tech- 
nicians from RRB and will be coordi- 
nated by Drs. R.A. Bourbonniere and 
B.G. Brownlee. 


Following initial discussions in Janu- 
ary with Alberta Environment and En- 
vironmental Protection, Western and 
Northern Region, a detailed proposal 
was prepared. The study design in- 
cluded assessment and prediction of 
aquatic effects resulting from synthetic 
oil production. The proposal was pre- 
sented in Edmonton, Alberta, in May 
to interested federal and provincial 
agencies, as well as industry and native 
representatives. This meeting initi- 
ated the process of discussion and coor- 
dination between study scientists and 
government, industry, and private or- 
ganizations to ensure that broader con- 
cerns will be addressed to the greatest 
extent possible. 


Since this study was first proposed, the 
impact of new and expanded pulp and 
paper mills in the Athabasca basin has 


emerged as a major concern, particu- 
larly for downstream constituencies 
such as Wood Buffalo National Park in 
the Northwest Territories (NWT). 
RRB has been involved in the design of 
a water quality monitoring program for 
the Slave River (Alberta/NWT), which 
was discussed at a workshop in Yel- 
lowknife, NWT, in late June. RRB will 
also provide input for the federal Tech- 
nical Working Group which is involved 
with the environmental impact assess- 
ment study for the proposed Alberta- 
Pacific pulp mill. 


A reconnaissance survey was carried 
out in August with two newly acquired 
boats specially equipped for river 
travel and sampling. Fish were col- 
lected in the vicinity of the tar sand 
plants and will be analyzed for 
polycyclic aromatic compounds and 
metabolites. Water, suspended sedi- 
ments and bed sediments were sam- 
pled between Fort McMurray and the 
Athabasca Delta, and in the Peace and 
Slave rivers. Water Quality Branch 
(WQB) personnel from Western and 
Northern Region joined RRB for col- 
laborative work on sampling and ex- 
tractive methods to help design the 
WQB monitoring program for the 
Wood Buffalo National Park. Water 
and sediment extracts will be analyzed 
during the winter and ecotoxicological 
testing on water and sediment samples 
will also be carried out. 


Sampling boom and centrifuges used to collect water and suspended sediment samples 
during reconnaissance survey of the lower Athabasca River in August 1989. 


Updating PPWB Water 
Quality Monitoring 
Program 


From August 8 to 10, 1989, staff of all 
three research branches of NWRI at- 
tended a workshop to assist in the de- 
velopment of recommendations for up- 
dating the water quality monitoring 
program of the Prairie Provinces 
Water Board (PPWB). NWRI’s partici- 
pation was requested by the Water 
Quality Branch (WQB), Western and 
Northern Region, Regina, who will 
subsequently coordinate presentation 
of the results to the PPWB’s Commit- 
tee on Water Quality. The WQB has 
undertaken regular monthly sampling 
at 11 interprovincial river sites on be- 
half of the PPWB since the early 1970s. 
It has regularly presented arguments 
that PPWB’s specific mandate would 
be better served if the program were to 
incorporate new and emerging moni- 
toring and assessment techniques be- 
ing developed and tested by a number 
of research and operational agencies, 
including NWRI. Areas of particular 
interest are toxic chemicals, sus- 
pended sediments and biological meth- 
ods. A major program revision, devel- 
oped with NWRI assistance, had been 
proposed by WQB in early 1988, but 
few changes resulted at that time. The 
Committee on Water Quality will now 
reconsider the proposal. Through this 
workshop, NWRI scientists have en- 
sured that the proposed revisions to 
the program will reflect the latest de- 
velopments in monitoring and assess- 
ment techniques. 


NWRI/Centre 
Saint-Laurent 
Collaboration on the 
St. Lawrence River 


This summer, five inter-related re- 
search projects were carried out on the 
St. Lawrence River during a three— 
week cruise on the Canadian research 
vessel Limnos. The projects are repre- 
sentative of the cooperative studies 
that NWRI and the Centre Saint- 
Laurent have planned to support Plan 
d’action Saint-Laurent. Some of 
the studies also involve the Institut 

Continued on page 4 
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Maurice-Lamontagne of the Depart- 
ment of Fisheries and Oceans. The 
research projects included the recon- 
naissance of optimal sites for using 
freshwater and marine mussels as 
monitors of contaminant inputs and 
trends; a study of the physiological ef- 
fects of effluents on selected mussel 
populations; the investigation of spa- 
tial and temporal concentrations of or- 


ganochlorine compounds in water and 
suspended sediments, from Lake 
Ontario to the mouth of the Saguenay 
River, which was initiated four years 
ago; a study on the relationships be- 
tween current speed/direction and tur- 
bidity in the turbidity maximum zone 
of the upper estuary; and the mapping 
of fine-grained modern sediments in 
the shallow (less than 10 m) zones of 


the upper estuary where potentially 
contaminated sediments are depos- 
ited, at least temporarily. 


The five projects focus on gaps in 
knowledge of the current state of this 
unique system with respect to con- 
taminant transport, fate and effects. 
New techniques and instruments are 
used to quantify processes in this com- 
plex environment. 


NWRI Involvement in CEPA Priority Substances Assessment 


As part of the implementation of the 
Canadian Environmental Protection 
Act (CEPA), which was proclaimed in 
June 1988, the first Priority Sub- 
stances List was published in the Feb- 
ruary 11, 1989 issue of the Canada Ga- 
zette Part I under the authority of the 
Minister of the Environment. As set 
out in the legislation, substances or 
group of substances enumerated in the 
list shall be assessed, whether they are 
toxic or capable of becoming toxic, in 
order to establish if regulatory control 
actions under CEPA are warranted. 
The term “toxic” under CEPA is given 
a definition which goes beyond the tra- 
ditional one as it addresses the ability 
of a substance to enter the environ- 
ment in quantities or under conditions 
that have or may have adverse effects 
on the environment, human life or 
health. With its 44 entries, the Priority 
Substances List has set the agenda for 
the next five-year period within Envi- 
ronment Canada (EC) and Health and 
Welfare Canada (HWC) with respect to 
hazard assessment of existing 
chemicals. 


In response to a request for the partici- 
pation of NWRI staff to these efforts, 
Dr. RJ. Maguire, Rivers Research 
Branch, has been selected to act as task 


leader for the assessment of organotin 
compounds, and Dr. J.O. Nriagu, 
Lakes Research Branch, will serve in 
the same capacity for the assessment 
of chromium and nickel and their com- 
pounds. Task leaders are responsible 
for the planning and coordination of 
the efforts of task groups made up of 
individuals drawn from various gov- 
ernment agencies, particularly EC and 
HWC. The work of a task group is fo- 
cused on the preparation of a CEPA as- 
sessment report on the health and 
environmental hazards of the 
substance(s) assigned to the group. 


Effluents from pulp mills using bleach- 
ing processes figure among the sub- 
stances entered in the first Priority 
Substances List. As part of the work 
currently under way to assess the 
health and environmental hazard of 
various substances captured under this 
entry, A.S.Y. Chau and Dr. B.K. Af- 
ghan, Research and Applications 
Branch, have contributed their exper- 
tise to assist the assessment task group 
in the gathering and critical review of 
relevant analytical chemistry informa- 
tion and data. 


Various management aspects of EC 
and HWC assessment activities fo- 


Laboratory Association Update 


The Canadian Association of Environ- 
mental Analytical § Laboratories 
(CAEAL) was officially incorporated 
on June 1, 1989. The interim Board of 
Directors, chaired by Dr. J. Lawrence, 
Director of the Research and Applica- 
tions Branch, held its second meeting 


Page 4 


on June 7, 1989, in Quebec City. An ap- 
plication for funding under the Tech- 
nology Outreach Program has been 
submitted to Industry, Science and 
Technology Canada. Brochures adver- 
tising CAEAL will be available shortly, 
and a membership drive will be 


cused on CEPA Priority Substances 
List are coordinated through an inter- 
departmental subcommittee chaired 
by Environment Canada, and where 
Dr. J. Lawrence, Director of the Re- 
search and Applications Branch, 
serves as the NWRI representative. 


Proceedings of the CEPA Science Fo- 
rum organized by NWRI and held at 
CCIW last February have recently 
been published for distribution to par- 
ticipants and other interested persons. 
The forum brought together scientists 
and science managers from govern- 
ment agencies, universities, the private 
sector and public interest groups to ad- 
dress the science needs that will arise 
in Canada in the coming months as 
part of the assessment of CEPA Prior- 
ity Substances. The proceedings con- 
tain the text of the presentations given 
at the forum and a summary of the dis- 
cussions that took place in workshop 
and plenary sessions. Those interested 
in obtaining a copy of the proceedings 
should contact the Director’s Office, 
Research and Applications Branch. 


Reference 


Canadian Environmental Protection Act. Pro- 
ceedings of the Priority Substances Science Fo- 
rum, February 22-23, 1989, CCIW, Burlington, 
Ontario. 


launched. Mechanisms to establish re- 
lations with other professional associa- 
tions are presently being developed. 
Negotiations with the Standards 
Council of Canada regarding the ac- 
creditation program are continuing. 


PROJECT FOCUS 


SEDIMENT-WATER INTERACTIONS PROJECT 


Sediments deposited in lakes or oceans 
are generally derived from land. Inad- 
dition to particles of terrestrial origin, 
- bottom sediments also contain materi- 
als precipitated from chemical and bio- 
- logical processes occurring in water. 
Inputs of solids or dissolved materials, 
introduced as a result of human activi- 
ties, will disrupt the chemical equilib- 
rium between bottom sediments and 
overlying waters, as well as the living 
conditions of the biota in sediments. 


Sediments can often provide a good 
source of information on pollution be- 
cause they offer a continuous record of 
past episodic pollution events. This 
characteristic is due to the ability of 
solid particles to adsorb different 
metals and organic compounds, even at 
very low water concentrations. Many 
persistent contaminants entering the 
environment become attached to par- 
ticles in the water and are transported 
into lakes and oceans, where they even- 
tually settle. This process accelerates 
the removal cf contaminants from 
water. On the other hand, through the 
same process, bottom sediments can 
also be a source for contaminants. Un- 
der certain conditions, contaminants 
are released into the overlying water or 
are taken up by sediment biota and cy- 
cled through the aquatic system. Biota 
in contact with contaminated sedi- 
ments may experience physiological 
and reproductive problems, thus 
inducing other ecological impacts. 


Contaminants deposited in bottom 
sediments may persist long after the 
original sources of contamination are 
eliminated. The cycling of sediment 
contaminants through the aquatic en- 
vironment is controlled by many 
abiotic and biotic processes. These in- 
clude the migration of contaminants 
through sediment pore water into the 
overlying water column, transport of 
contaminated sediment particles by 
resuspension through currents and 
bioturbation, bioaccumulation, bio- 
‘degradation and biodeposition. 


Processes governing the pathways of 


sediment contaminants are not fully 
understood. Each pathway needs to be 
quantified to assess its impact on the 
health of the aquatic ecosystem and to 
identify pathways which can be 
controlled. The research program of 
the Sediment-Water Interactions 
Project is carried out to obtain infor- 
mation on these processes in order to 
produce realistic predictive models of 
contaminant behaviour in sediments 
and at the sediment—water interface, 
and to recommend proper procedures 
for remediation of contaminated 
sediments. 


Abiotic process studies 


The Great Lakes are predominantly 
supplied with fine-grained sediments. 
Fine particles provide a larger surface 
area for adsorption of different con- 
taminants and therefore their dynam- 
ics play an important role in the trans- 
port of sediment-associated contami- 
nants. Monitoring the movement of 
contaminated sediments and residence 
time in certain zones of rivers and 
lakes requires new techniques. Artifi- 
cial tracers, particularly cesium sili- 
cate, were tested as tools for investi- 
gating the transport of fine sediments. 
In the Toronto waterfront area, the 
tests showed that silt-size material 
discharged from the Humber River in 
the spring was initially deposited close 
to the river mouth, but was subse- 
quently transported along the western 
side of Humber Bay to the deep off- 
shore waters of Lake Ontario. As this 
pilot study was successful, the tech- 
nique will be used to comprehend the 
significance of contaminant inputs 
from the Humber River and other 
sources along the Toronto waterfront, 
and the transport of contaminated 
fine-grained particles in other areas of 
the Great Lakes. 


Specially designed sediment traps 
were used to estimate the settling and 
resuspension fluxes of bottom sedi- 
ments in lakes Erie and Ontario. Dur- 
ing winter, in the central basin of Lake 


Erie, the settling flux was greatest at 
20 cm above the bottom. The flux de- 
creased by 50% at 1 m and by 99% at 
7m. The high settling rates near the 
bottom suggest a high resuspension 
rate and therefore a strong inter- 
change of sediments and associated 
contaminants between the sediment 
water interface and the first few 
metres of the water column. 


Historical trends of sediment contami- 
nation were determined using sedi- 
ment dating by radionuclides and con- 
centration profiles of contaminants. 
Natural burial of contaminated sedi- 
ments with cleaner material is occur- 
ring in a few areas of the Great Lakes. 
For example, considerable decrease in 
lead concentrations in surficial sedi- 
ments of lakes Erie and Ontario has re- 
sulted from the decrease in uses of 
leaded gasoline in North America. 


Biotic process studies 


Contaminants present in sediments 
can alter the benthic community struc- 
ture, either directly or indirectly, by 
producing toxic effects on the water bi- 
ota which have occasional contacts 
with the sediments. It is often difficult 
to demonstrate these effects in the 
natural environment because the het- 
erogeneous nature of the geochemical 
and sedimentological regime can also 
be responsible for benthic community 
structure differences among sites. Bio- 
logical effects of sediment contamina- 
tion were demonstrated using sedi- 
ment community structure data from 
the Detroit River. A statistical cluster- 
ing technique was used to determine 
similarities among different areas on 
the river bottom. Clear boundaries 
could be established on an impacted 
area, and several parameters could be 
clearly identified as being responsible 
for the impact on the benthic commu- 
nity in this area. This type of impact 
analysis will prove useful in choosing 
the sites which need remediation in the 
Great Lakes and other freshwater 
systems. 
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The uptake of different organic con- 
taminants in sediments by benthic in- 
vertebrates was also studied. In one of 
the experiments, oligochaete worms 
were used to determine uptake and 
depuration rates of radio—-carbon 
labelled 2,4,6-trichlorophenol. The 
uptake data, expressed as '4C activity 
per mg of worms, suggested a constant 
rate of accumulation for approxi- 
mately 35 days, followed by reduced 
uptake until termination of the experi- 
ment at day 55 (see figure). The 
depuration process appears to be gen- 
erally slower than the uptake. Our 
studies indicated that different organic 
contaminants have specific rate con- 
stants for both processes. These rates 
can be affected by physico-chemical 
conditions at the sediment-—water in- 
terface, e.g., concentration of dissolved 
oxygen and temperature. The results 
will allow to predict the cleanup rates 
of aquatic environments after the 
elimination of external pollution 
sources. 


Remedial/assessment studies 


Placement in confined disposal facili- 
ties (CDFs) constructed along the 
shoreline is the only disposal technique 
currently available for dredged con- 
taminated sediments in the Great 
Lakes basin. A summary of the dredg- 
ing and disposal history, present condi- 
tions and vegetation communities at 
the CDFs located on the Canadian side 
of the Great Lakes was prepared. Sedi- 
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ments, vegetation and earthworms 
were sampled from 11 disposal sites, 
and analyzed for metals and organic 
contaminants. The concentrations of 
cadmium, chromium, nickel and zinc 
in vegetation exceeded those in urban 
foliage at several sites. Cadmium, cop- 
per and zinc were the only metals 
which appeared to bioaccumulate in 
the plants growing on the CDFs. These 
metals were accumulated to various 
degrees by different plant species. 
Sedges showed greater concentrations 
than any other plants. The concentra- 
tions of PCBs and PAHs in the vegeta- 
tion were similar to those at control 
sites. The analyses of the rest of the 
collected samples from the CDFs are 
under way. The results of the study 
will be used to make recommendations 
on long-term management of CDFs in 
order to prevent the release of con- 
taminants into the ecosystem. 


A group of project scientists conducted 
a comprehensive study of sediment- 
water interaction processes at the 
mouth of the Spanish River, Lake 
Huron, one of the Great Lakes’ Areas 
of Concern. Problems at this area in- 
clude elevated concentrations of sedi- 
ment contaminants, in particular 
nickel and copper, and low benthic 
fauna density and diversity. A strong 
negative correlation exists between 
benthic fauna densities and concentra- 
tions of nickel and copper in the 
sediments. 
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Project Chief: : A. Mudroch 


Study Leaders: J.P. Coakley, 
S.R. Joshi, E. Nagy, T.B. Reynoldson, 
F. Rosa, A.J. Zeman 


Project Team: J.A. FitzGerald, 
S.P. Thompson 
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Distribution of PCBs in water, sediment and bi- 
ota of two harbours. Chemosphere 18: 
2141-2154. 


Coakley, J.P., M.G. Skafel, R.G.D. Davidson- 
Arnott, A.J. Zeman and N.A. Rukavina. 1988. 
Computer simulation of nearshore profile evo- 
lution in cohesive materials. Proc. IAHR Sym- 
posium on Mathematical Modelling of Sedi- 
ment Transport in the Coastal Zone, Copen- 
hagen, Denmark, p. 290-299. 


Joshi, S.R. 1989. West Valley plutonium and 

americium-241 in Lake Ontario sediments off 

the mouth of Niagara River. Water, Air & Soil | 
Pollut. 42: 159-168. 


Nagy, E. J.H. Carey and J.H. Hart. 1989. 
Hydrocarbons in Great Lakes sediments. 
NWRI Contribution 89-1. 


Reynoldson, T.B. and M.A. Zarull. 1988. 
Biological assessment of contaminated sedi- 
ments. The Detroit River example. NWRI Con- 
tribution 88-49. 


Rosa, F. 1987. Lake Erie central basin total 
phosphorus trend analyses from 1968 to 1982. 
J. Great Lakes Res. 13: 667-673. 


Zeman, A.J. 1989. Numerical modelling of seep- 
age erosion in shore bluffs consisting of 
glaciolacustrine silts. Proc. 3rd International 
Symposium of Numerical Models _ in 


‘ Geomechanics, p. 375-382. 
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(DPM: desintegration per minute). 


MEDIA NEWS 


Link Between Work and Community Involvement 


J.F. Ryan, Special Projects Coordina- 
tor in the Research and Applications 
Branch, has served as alderman in the 
City of Burlington since 1982. Presen- 
tations heard last February at the 
NWRI Symposium on Sustainable De- 
velopment sparked Mr. Ryan’s interest 
for this issue. He chose the opportu- 
nity of this year’s Environment Week, 
in early June, to prepare a report on 
Sustainable Development for presen- 
tation to the Burlington City Council. 
The term “sustainable development” 
has been defined by the World Com- 
mission on Environment and Develop- 
ment, known as the Brundtland Com- 
mission, as “meeting the needs of the 
present without compromising the 
ability of future generations to meet 
their own needs.” 


Mr. J.F. Ryan, Research and 
Applications Branch. 


Mr. Ryan’s report and recommenda- 
tions advocate for the incorporation of 
the concept of sustainable development 
as an integral part of the decision—mak- 
ing process and policies at the munici- 
pal government level, for instance in 
areas such as land use planning, eco- 
nomic development and waste manage- 
ment. It is Mr. Ryan’s strong belief 
that Canada’s success with delivering 
on the commitment to implement sus- 
tainable development requires the in- 
volvement of all levels of government in 
this country. Mr. Ryan’s initiative was 
well received by the Burlington City 
Council and resulted in his appoint- 
ment as the chairperson of a task force 
given the mandate to examine how rec- 
ommendations contained in his report 
could be implemented. 


Kids Summerfest 


Last July, the Canada Centre for In- 
land Waters (CCIW) hosted a very 
successful, one-day children’s sum- 
mer festival for nearly 200 children 
and adults. The event, organized by 
NWRI and Dofasco Inc., was part of a 
large-scale children’s festival spon- 
sored by CBC-Television and CHFI- 
CFTR Radio in Toronto. During this 
entire summer festival, children from 
Southern Ontario were given the op- 
portunity to visit the behind-the 
scene’s operations of government, 
business, art and _ entertainment 
facilities. 


Children and parents enjoyed a two- 
hour boat cruise of Hamilton Harbour 
and the Windemere Basin. Dr. G.K. 
Rodgers, coordinator of the Hamilton 
Harbour Remedial Action Plan, was 
aboard the ship to discuss the pollu- 
tion problem in the harbour and dem- 
onstrate water sampling techniques to 
the participants. Dr. Rodgers was as- 
sisted by Dr. S. Lesage, S. Painter, M. 
Fox and T. Mayer of NWRI, and by R. 


Dobos of the Hamilton Naturalist 
Club. For most of the children, 4-12 
years old, this was their first time on 
the harbour and most likely their first 
exposure to scientists. 


Live entertainment in the CCIW audi- 
torium followed the boat cruise. A 
puppet show, presented by the 
Toronto’s Waterdown Production, a 
professional theatre group, focused on 
the importance of protecting our 
marshes and wetlands. Then, G. Pa- 
quette of the National Water Quality 
Laboratory, addressed the children as 
Professor Trout, the Talking Fish, 
much to the delight of the kids, who 
flocked to the microphone to chal- 
lenge Professor Trout with difficult 
questions. The auditorium program 
concluded with a few songs by F.M. 
Boyce of NWRI while the audience 
tapped their feet and clapped their 
hands. A picnic staged on the grass 
outside CCIW was a perfect conclu- 
sion to the day. 


CSS Limnos in 
Montreal for 
Environment Week 


The Canadian Scientific Ship (CSS) 
Limnos was docked in Montreal Har- 
bour on 6-7 June 1989. As part of En- 
vironment Week activities, guided 
tours of the ship were organized by 
NWRI for employees of Conservation 
and Protection, Atmospheric Envi- 
ronment and Canadian Parks Service, 
and Centre Saint-Laurent consult- 
ants. Visitors were given a brief over- 
view of the research and monitoring 
programs carried on by the vessel and 
of the specialized scientific equipment 
used on board. The CSS Limnos is a 
general-purpose scientific vessel 
based at the Canada Centre for Inland 
Waters, in Burlington, Ontario. It 
sails throughout the Great Lakes and 
the St. Lawrence River on research 
and monitoring voyages mainly for 
NWRI, other elements of Environ- 
ment Canada and the Department of 
Fisheries and Oceans. 
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A. Mudroch was appointed President of the Interna- 
tional Association for Great lakes Research (IAGLR) for 
1989/90 at its annual conference held in Madison, Wis- 
consin, last May. The association provides a unique fo- 
rum for sharing research information on large lakes of 
the world through conferences and a journal. The impli- 
cations of these research results on environmental con- 
servation are also communicated by the association to 
governments on behalf of the research community. Over 
the years, NWRI scientists have been asked by the Board 
of Directors to serve as president, but this appointment 
is special. In 1968, Mrs. Mudroch came to NWRI as a po- 
litical refugee from Czechoslovakia to work as a techni- 
cian in a foreign land. She has made up for time lost in 
this relocation through her diligence and is now Chief of 
the Sediment—Water Interactions Project, Lakes Re- 
search Branch. 


Ori wi On, 


Dr. R. Bisson has been appointed as Science Liaison 


Nik | WSS 


Officer of the Research and Applications Branch. Dr. 
Bisson obtained his Ph.D. in Synthetic Organic Chemis- 
try (natural products) from the University of Western 
Ontario. Between 1979 and 1988, he was employed with 
Environment Canada in what is now known as the Com- 
mercial Chemicals Branch. Dr. Bisson joined NWRI last 
July, following a 15-month stint with the Environmental 
Protection Branch of the Canada Oil and Gas Lands Ad- 
ministration, Ottawa. 


OF REC 


The Rivers Research Branch is proud to report that two 
of its scientists have received meritorious distinctions re- 
cently. Dr. S. Beltaos of the River Modelling Project 
has been named a fellow of the Canadian Society of Civil 
Engineers. This distinction is awarded for excellence 
in engineering and _ services to the _ profession. 
Dr. Y.K. Chau has been elected to the Fellowship of the 
Chemical Institute of Canada by the Distinctions and 
Awards Committee of the Institute’s Council. 


COMMING EVENT 


R.A. Vollenweider Lectureship in 
Aquatic Sciences. Dr. Charles R. 
Goldman, Professor of Limnology and 
Chairman of the Division of Environ- 
mental Studies, University of Califor- 
nia, Davis, has been awarded the 1989 
NWRI R.A. Vollenweider Lectureship. 
The prize is granted annually to an 
eminent scientist for his or her global 
contribution to the advancement of the 
aquatic sciences. Dr. Goldman will give 
his lecture on Wednesday, November 8, 
1989 at 10:30 a.m. in the South Semi- 
nar Room, Canada Centre for Inland 
Waters, 867 Lakeshore Road, Bur- 
lington, Ontario. Everyone is welcome 
to attend the lecture entitled Lake 
Tahoe: Limnological Research to 
Resolve Environmental Conflict. 


Think Recycling! 


Pensez @ recycler! _ 
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- About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research 


and development in the aquatic 
sciences, in partnership with the 
international freshwater science 
community. The twin goals of the 
Institute are to advance scientific 
understanding of national and 
international water issues important to 
Canada, and to develop knowledge and 
authoritative expertise on these issues 
that can be used by Environment 
Canada to influence decisions affecting 
the wise management of Canada’s 
water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each 
focusing on a priority issue. Projects 
are grouped within three branches: the 
Lakes Research Branch, the Rivers 
Research Branch, and the Research and 
Applications Branch. Current long 
term research priorities include: toxic 
chemicals in the Great Lakes and the 
St. Lawrence River; exchange of toxic 
contaminants between air, water, 
sediments and biota; underground 
contamination; pesticide contamina- 
tion in rivers; acid rain; lake rehabilita- 
tion; aquatic monitoring; ecotoxicol- 
ogy; and risk prediction methodologies. 
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NWRI AND THE GLOBAL GEMS/WATER PROGRAM 


The Global Environmental Monitor- 
ing System (GEMS), under the aegis of 
the United Nations Environmental 
Program (UNEP), is a family of global 
data programs focusing on a wide 
variety of environmental issues. One 
of these, the GEMS/WATER program, 
is the first of its kind to address global 
issues of water quality through a 
network of some 850 monitoring 
stations in rivers, lakes, reservoirs and 
ground water on all continents. The 
GEMS/WATER program, managed 
jointly by the World Health Organiza- 
tion (WHO) and UNEP, has utilized 
the data banking facilities of the 
National Water Research Institute 
(NWRD as its centre. 
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As a WHO Collaborating Centre, 
NWRI has served as a focal point for 
water quality and water management 
information around the world. 


In 1989, as a result of an international 
review of the GEMS/WATER program, 
experts from UNEP, WHO and NWRI 
proposed a significant change in 
objectives for the program. Tradi- 
tional monitoring activities will be 
expanded to include a major effort in 
data interpretation and assessment, 
with a realigned global network 
focusing on: 


« global baseline conditions; 

= environmental trends detectable 
in river water quality at the 
regional and sub-basin level; 

= global fluxes of chemicals from 
rivers into nearshore environ- 


ments of regional seas and oceans. 


A parallel development was the recent 
decision by the UNEP Governing 
Council at its June 1989 biennial 
meeting to identify water as one of its 
seven priority topics for action in the 
near to medium term. This decision of 
the Governing Council was strongly 
endorsed by the Canadian Delegation 
which argued that water must be 
regarded as the central theme for 
regional, national and international 
sustainable development activities. 


The proposed realignment of the 
GEMS/WATER program is a key 
element of the UNEP water program, 
especially as the world prepares for the 


1992 World Conference on Environ-. 
To secure | 


ment and Development. 
UNEP and WHO concurrence tothe 


Environnement 


changes in the GEMS/WATER pro- 
gram, Drs. Daley and Ongley travelled 
to UNEP headquarters in Nairobi, 
Kenya, in November 1989. As a 
consequence, NWRI will be playing a 
much larger role in the management 
and implementation of the GEMS/ 
WATER program. UNEP has agreed to 
a doubling of resources to the program. 
NWRI will be designated as a UNEP 
Global Collaboration Centre for Water 
Quality Assessment in recognition of 
the role NWRI will play in the new 
program. NWRI will also chair a new 
“Committee of Experts” which will 
advise on the scientific content of the 
program and oversee preparation of 
data reviews and assessments. Annual 
data summaries, biennial evaluations of 
specific global water issues and a global 
“State of the Environment” report on 
water quality every five years will be 
produced. Further, NWRI will partici- 
pate in the development of a global 
water atlas scheduled for completion in 
late 1993, and the RAISON (regional 
analysis by intelligent systems on a 
microcomputer) expert system soft- 
ware, developed by NWRI and now used 
widely for water resource management, 
will be adapted for application to the 
GEMS global data base. 


Although not well known, the GEMS/ 
WATER program is one of the largest 
international programs carried out by 
Environment Canada as part of 
Canada’s growing commitment to 
global environmental management. 


DR. R.J. DALEY, 

Chief, Science Liaison Division 
~D. ONGLEY, 

ox, Rivers Research Branch 
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RESEARCH NEWS 


Environmental and Biological Impact of 


Deltamethrin 


The management of ambient water 
quality is often based on the control of 
chemical sources so that observed 
levels of toxic chemicals in the aquatic 
environment are maintained well 
below concentrations at which any 
harm may occur. The increased use of 
new degradable pesticides, however, 
may force us to revise our approach to 
the management of ambient water 
quality. Studies in Prince Edward 
Island conducted in cooperation with 
Environmental Protection (EP) show 
that deltamethrin, an increasingly 
common insecticide, disappears 
quickly when sprayed on a pond. 
Deltamethrin, licensed for use on 
tobacco, pears, canola, mustard, pota- 
toes, sunflowers, broccoli, cabbage, 
wheat and barley crops, has a half-life 
of about one hour. Further, its 
breakdown products disappear within 
11 days. The complementary EP 
report documents that despite this 


rapid degradation, massive mortality 
of invertebrates and some mortality of 
fish occur. The management of a 
chemical which is unlikely to be 
detected in the ambient environment, 
but whose effects are both sudden and 
dramatic, must be based on strict 
regulation of usage. The EP report 
establishes the utility and effective- 
ness of the regulatory implementation 
of 100-metre setbacks from surface 
waters during agricultural spraying. 


References 


Maguire, R.J., J.H. Carey, R.J. Tkacz and H.-B. 
Lee. 1989. Persistence and fate of deltamethrin 
sprayed on a pond. J. Agric. and Food Chem. 37: 
1153-1159. 
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Julien, J.H. Hart, R.J. Tkacz and H.-B. Lee. 
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Simulation of Spills and Plumes 


A fast graphical simulation procedure 
has been developed to show, on 
microcomputers, the trajectory of 
spills or effluent plumes in coastal 
locations with along-shore currents. 
Based on meteorological data and 
current measurements from fixed and 
movable devices, a simple linear 
impulse response function is applied to 
relate current to wind history. The 
procedure offers a number of display 


Technology Transfer 


options for the plume or patch 
generated by continuous or instanta- 
neous releases of the pollutant. It is 
being incorporated into the RAISON 
expert system for spill analysis for 
such locations as the Great Lakes. 


Reference 


Wong, I., D.A. Swayne, C.R. Murthy and D.C.L. 
Lam. 1989. Fast graphical simulations of spills 
and plumes for application to the Great Lakes. 
Ecol. Model. 47: 161-173. 


The 3M Company in St. Paul, Minnesota, has been developing a water-soluble 
masking tape and has asked the advice of Dr. D.L.S. Liu of the Rivers Research 
Branch on the assessment of its toxicity and biodegradability. As a result of the 
information provided, 3M has decided to use two toxicity screening methods re- 
cently developed in the Rivers Research Branch for their tier-1 screening tests. 


References 


Liu, D.L.S., Y.K. Chau and B.J. Dutka. 1989. Rapid toxicity assessment of water-soluble and 
water-insoluble chemicals using a modified agar plate method. Water Research 23: 333-339. 


Liu, D.L.S. 1989. Arapid and simple biochemical test for direct determination of chemical toxicity. 


Toxicity Assessment 4: 399-404. 
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Knowledge-Based 
Approach 

to Regional 
Acidification 
Modelling 


A knowledge-based systems ap- 
proach has been used in selecting 
watershed acidification models for 
the assessment of aquatic resources at 
risk in Eastern Canada. Instead of 
choosing only one model and discard- 
ing others, the approach utilizes the 
most appropriate model for each case 
study. This requires both quantita- 
tive and qualitative judgement for the 
selection of the proper model for each 
lake or watershed. Results obtained 
in this manner were compared with 
observed data for acid neutralization 
capacity (ANC). Mean relative errors 
of 22.0% and 19.1% were found for 
southern Quebec and New 
Brunswick, respectively. These er- 
rors for the combined model results 
were within those of the observed 
data range and were less than those of 
the individual model results; the 
uncertainties were greater for higher 
sulphur dioxide loads. Currently, this 
knowledge-based approach is being 
operated in the RAISON expert 
system and applied to other regions in 
Eastern Canada for different loading 
scenarios. Results will be used in the 
1990 LRTAP National Assessment. 


References 
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Fraser. 1989. Watershed acidification models 
using the knowledge-based systems approach. 
Ecol. Model. 47: 131-152. 


Lam, D.C.L., D.A. Swayne, A.S.Fraser, J. 
Storey andI. Wong. 1989. Aknowledge-based 
approach to regional acidification modelling: a 
case study of New Brunswick, Canada. In 
Regional Acidification Models, Geographic 
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{eds.], p. 218-226. Springer-Verlag, Berlin, 
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New Analytical Methods 


New and improved analytical methods 
are developed by staff of the Research 
and Applications Branch in response to 
specific needs for water pollution re- 
search and monitoring programs. 


Asimple method has been developed to 
couple the supercritical fluid extrac- 
tion of environmental samples on-line 
with high resolution capillary column 
gas chromatography and electron cap- 
ture detection. The method was tested 
with PCB-contaminated sediments. 
Factors affecting the extraction step, 
such as choice of the mobile phase, 
temperature and pressure, were inves- 
tigated. Extraction efficiencies of up to 
100% in less than 15 minutes were ob- 
tained. 


Understanding and 
Forecasting Sediment 
Processes 


Dr. B.G. Krishnappan, Rivers Re- 
search Branch, is investigating the 
dynamics of fine sediments, in par- 
ticular the process of flocculation and 
its effects on transport and settling. 


During the course of his studies, he 
has developed a field version of the 
Malvern analyzer, which is a labora- 
tory instrument operating on the 
principle of light diffraction for the 
analysis of particle size. The investi- 
gation of flocculation processes re- 
quires that the particle size distribu- 
tion of suspended sediments be meas- 
ured without disrupting the floc 
structure. The fragility of the struc- 
ture is such that only in situ measure- 
ments are useful. Assembly of the 
first field unit has been completed 
and initial performance testing indi- 
cates that the field instrument per- 
forms as well as the original labora- 
tory version. 


The construction of a rotating flume 
is also under way. The flume will be 
used to conduct experiments on the 
processes of flocculation, settling, 
consolidation, erosion and resuspen- 
sion. Sediment-contaminant inter- 
actions will also be studied. Installa- 
tion of the flume is anticipated before 
spring 1990. 


Resin acids and some fatty acids are 
generally regarded as major contribu- 
tors to the overall toxicity of pulp and 
paper mill effluents because of their 
high concentration and their individ- 
ual toxicity. Until now, existing meth- 
ods were not adequate for the measure- 
ment of these constituents in large vol- 
ume effluents. Efforts to find a more 
sensitive analytical method have led to 
the development of a capillary column 
gas chromatography and electron cap- 
ture detection technique. A 100-fold 
increase in sensitivity over existing 
methods is achieved using this new 
method. The novel approach of the 
method centres on the conversion of 
the constituents of interest into pen- 


IJC Biennial Meeting 


Many NWRI scientists and managers 
attended the IJC Biennial Meeting on 
Great Lakes Water Quality, held in 
Hamilton, Ontario, October 10-13. 
The meeting consisted of formal pres- 
entations to the International Joint 
Commission from the Water Quality 
and the Science Advisory boards; 
presentations from a wide range of 
public interest groups and citizens; 
and workshops on environmental 
quality and human health, Remedial 
Action Plans and sustainable develop- 
ment. The Water Quality Board re- 
ported that the decline in contami- 
nants in water, fish and aquatic birds 


A collaborative team of researchers, 
involving scientists from the Univer- 
sity of Stockholm and Dr. W.MJ. 
Strachan, Lakes Research Branch, 
has tested a new way to monitor air 
quality on a regional, sub-regional 
and site-specific basis. It involves 
the chemical analysis of pine tree nee- 
dles. The use of coniferous trees has 
several advantages; not only can the 
same tree be sampled over many 
years, the tree can also be sampled for 
several age classes of needles to fur- 
ther assess the interannual variabil- 
ity. 


The technique was first tested on 
Scotch pine needles from France, 


Trees To Monitor Air Pollution 


tafluorobenzyl ester derivatives and on 
the techniques used for the confirma- 
tion of the esters via mass spectrome- 
try. Effluents from pulp mills using 
bleaching processes have been listed as 
priority substances under the Cana- 
dian Environmental Protection Act. 


References 
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cal fluid extraction of PCBs in tandem with high 
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mental analysis. J. High Resolut. Chromatogr. 
12: 527-531. 
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had stopped in the early 1980s and 
that there were no consistent trends 
in these concentrations. The present 
concentrations are still considered too 
high and will not ensure ecosystem 
health in the long term. 


On the last day of the meeting, 150 
people, including several IJC commis- 
sioners, toured CCIW. An overview of 
the research programs at NWRI was 
given by Dr. R.J. Allan, Director of the 
Lakes Research Branch. The activi- 
ties of the Great Lakes Laboratory for 
Fisheries and Aquatic Sciences were 
described by the Director, Dr. J.M. 
Cooley. 


Germany, Switzerland, Poland, Den- 
mark, Sweden and Norway. The nee- 
dles were analyzed for DDT, pen- 
tachlorophenol, PCBs and lindane. 
The high wax content of coniferous 
needles, particularly that of pine, 
seems to facilitate the adsorption of 
these lipophilic contaminants. De- 
pending on the species chosen, it 
should be possible, in the northern 
temperate zone, to set up a sampling 
grid of appropriate density to charac- 
terize the global extent of these per- 
sistent contaminants. 

Reference 

Erickson, G., S. Jensen, H. Kylin and W.MJ. 
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of atmospheric pollution. Nature 341: 42-44. 
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PROJECT FOCUS 


THE CONTAMINANTS PROJECT 


The current studies which comprise the 
Contaminants Project of the Rivers Re- 
search Branch are focused on resolving 
selected knowledge gaps concerning 
the occurrence, persistence and toxic- 
ity of priority contaminants. 


Occurrence 


Significant concentrations of PCBs and 
other chlorinated hydrocarbons have 
been found in dichloromethane of fil- 
tered Niagara River water at pH 12 af- 
ter the water had been thoroughly ex- 
tracted at pH 1. In samples from 43 
dates in 1985-86, the contribution of 
the basic extract to the total concentra- 
tion derived from acidic, basic and sus- 
pended solids extracts ranged from 0% 
for 31 of these chemicals to 100% for 
PCBs 15, 114 and 201, aldrin and p,p’- 
DDT. When the sums of concentra- 
tions of each chemical found in the Ni- 
agara River water in the acidic, basic 
and suspended solids extracts were 
themselves calculated, the basic frac- 
tion contributed 40% to the total con- 
centrations of all chemicals and 48% if 
only PCBs were considered. Experi- 
ments with water from another source 
showed that some PCBs were recov- 
ered in dichloromethane extracts of ba- 
sic filtered water which had previously 
been thoroughly extracted under either 
acidic or neutral conditions. These re- 
sults indicate that concentrations of 
chlorinated hydrocarbons in the Niag- 
ara River water, determined by extrac- 
tion solely at neutral pH, the usual 
technique, may be underestimated. 
This finding, which may have general 
applicability to freshwaters, may be the 
result of a strong association between a 
fraction of the dissolved lipophilic 
chemicals and dissolved organic matter 
in freshwaters, an association that is re- 
sistant to organic solvent extraction at 
acidic or neutral pH, but which is at 
least partially disrupted by extraction 
at high pH. This phenomenon of neu- 
tral lipophilic chemicals in basic ex- 
tracts of filtered water after extraction 
at neutral pH has recently been con- 
firmed by an independent laboratory. 
It is recommended that present meth- 
ods of determination of such chemicals 
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be reviewed and, if necessary, changed 
to take into account any fraction which 
is only extracted under basic condi- 
tions. Although it is not widely used for 
neutral chemicals, the U.S. Environ- 
mental Protection Agency’s base/neu- 
tral method, which employs initial ex- 
traction at pH >11, may be more ap- 
propriate than the more commonly 
used method of extraction at neutral 
pH. 


Native unionid mussels have been 
evaluated as biomonitors for organic 
contaminants in the St. Lawrence 
River. Because mussels are large, abun- 
dant, sedentary, non-selective in terms 
of habitat, and easily standardized as to 
sex, age, lipid content, etc., they are 
ideal candidates for biomonitoring. 
Native mussels were collected from 17 
stations in the St. Lawrence River be- 
tween Lake Ontario and Trois—Riviéres 
and from 3 stations in a major tribu- 
tary, the Ottawa River. The mussels 
bioaccumulated the major organic in- 
dustrial contaminants and pesticides of 
concern in these areas. Spatial distri- 
bution patterns for contaminants in 
mussel tissues generally reflected the 
known distribution of these compounds 
in bed sediments; they implicated Lake 
Ontario as the source of mirex and DDT 
derivatives and the Grass River (New 
York State) as a major source of PCBs. 
Congener-specific PCB analysis re- 
vealed that most PCBs persisted in 
resident mussels for several hundred 
kilometres downstream of the point 
source in a characteristic pattern, 
which differed from that occurring in 
locations remote from point sources. 
Concentrations of most contaminants 
in mussels from the Ottawa River were 
50-75% lower than the lowest values 
reported for the St. Lawrence River. 
Biomonitoring with mussels has sev- 
eral potential applications. It may be 
used to complement or supplement tra- 
ditional ambient water or sediment 
monitoring programs, primarily to pro- 
vide information on bioavailability. It 
can also be used to define the impact 
zone of point-source pollution and to 
serve as a feedback mechanism for de- 
termining the effectiveness of pollution 


control measures as they are imple- 
mented. 


Leeches have excellent potential as 
screening organisms for chlorophenols 
in water because of their high biocon- 
centration capacities, slow elimination 
rates and inability to degrade these 
compounds. A study was undertaken to 
determine whether biomonitoring with 
leeches could be used to assess the im- 
pact on their receiving waters of two in- 
dustrial point sources of chlorophenols 
in the Rainy River and Thunder Bay 
Harbour. Leeches could be successfully 
caged for on-site exposures of up to 
three weeks, and they accumulated 
chlorophenol concentrations 10-100 
times higher than those in mussels, 
which are the most commonly used 
biomonitors. Concentrations of 
chlorophenols were elevated above 
pre-exposure levels in leeches caged 
over 100 km downstream of a pulp mill 
on the Rainy River, even though 
chlorophenols could not be detected in 
water or suspended solids. Tissue resi- 
dues of chlorophenols in caged leeches 
also provided information on the ori- 
gin, distribution and availability of 
chlorophenols discharged from a 
wood-preserving plant on Thunder Bay 
Harbour. Bioassays conducted on har- 
bour sediment, using fathead minnows, 
burrowing mayflies and leeches, dem- 
onstrated that uptake and toxicity de- 
creased with increasing distance from 
the plant. This study demonstrated 
that leeches are far superior to mussels 
as biomonitors for chlorophenols and 
that they can be successfully caged and 
used in routine monitoring wherever 
chlorophenol pollution is suspected. 


Persistence 


The pyrethroid insecticide  del- 
tamethrin sprayed on a pond in Prince 
Edward Island disappeared quickly 
from water, with a half life of about one 
hour. Major routes of degradation or 
dissipation were (i) chemical and 
photochemical conversion to inactive 
(2+2’)-deltamethrin stereoisomers 
and (ii) hydrolysis with subsequent oxi- 
dation of products. 


No residues of deltamethrin 


stereoisomers or any of the four major 


products sought were found 11 days af- 
ter the spray. Laboratory experiments 
on the volatilization of deltamethrin 
formulations from sprayed water as op- 
posed to subsurface-injected water in- 
dicated that volatilization from the sur- 
face microlayer was a very fast process 
that could be the major route of dissipa- 
tion of deltamethrin (or any lipophilic 
pesticide) sprayed on a pond. Subse- 
quent chemical investigation with an 
optically active chromatographic 
method indicated that parent del- 
tamethrin (designated as isomer 1) in 
water is rapidly converted to isomers 2’, 


3’ and 4’ by sunlight photolysis and a 


dark chemical reaction. Since we have 
shown that isomer 3 is toxic to Daphnia 
magna, it appears that the isomeriza- 
tion noted above in the field is only a 
partial detoxication. 


Toxicity 


The detection of biochemical changes 
at the molecular and cellular level in or- 
ganisms exposed to chemical contami- 
nants may be the earliest and most sen- 
sitive indication of a toxic response. 
These changes may in turn be indicative 
of decreases in the survival, growth 
and/or reproduction at the population 


and community level. Measurement of 


changes in intracellular tissue concen- 
trations of free amino acids (FAA) is 
used as a biochemical too]. Total con- 
centrations of FAA have been shown to 
increase or decrease following exposure 
to toxic chemicals. FAA levels were 
measured in several tissues of mussels 
exposed in cages to water in some tribu- 
taries of the Yamaska River in Quebec. 
Results indicate that total concentra- 
tions of FAA increased above back- 
ground or control levels in both mantle 
and adductor muscle tissues at sites im- 


pacted by agricultural runoff and mu- 
nicipal or industrial effluent. These 
same sites were classified as poor to 
very poor in water quality using a biotic 
index for benthic invertebrate commu- 
nity health. These results are similar to 
those reported in other studies on 
freshwater organisms. They suggest 
that increases in total FAA in some tis- 
sues of freshwater bivalves may be in- 
dicative of generalized stress and may 
be a useful biomonitoring technique to 
assess toxicity from non-point source 
pollutants. 


The use of nucleotide ratios and metal- 
lothionein induction is also being stud- 
ied as indicators of stress in mussels ex- 
posed to cadmium, copper, zinc and 
tributyltin at 10/pg/L. 


Caged leeches and mussels in biomonitoring 
study. 


Preliminary results indicate that metal- 
lothionein induction decreases in the 
series Cd > Cu > Zn> tributyltin. A 
simple, rapid and sensitive technique 
has been developed for determining the 
toxicity to bacteria of both water- 
soluble and water-insoluble chemicals. 


The procedure uses a direct agar- 
diffusing assay and a non-toxic carrier 


solvent (dimethyl sulfoxide-glycerol). 
Test results are obtained within 3-4 
hours. The method is suitable for both 
toxicity screening and structure activ- 
ity studies. 


Project Chief: R.J. Maguire 


Study Leaders: R.A. Bourbonniere, 
Y.K. Chau, K.E. Day, D.L.S. Liu, 
K.R. Lum, J.L. Metcalfe, H.K.T.Wong 


Project Team: S.P. Batchelor, 
C. Jaskot, A.M. Koffyberg, 
G.J. Pacepavicius 
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THE HYDRAULICS PROJECT 


Research in the Hydraulics Project of 
the Research and Applications Branch 
focuses on the physical dynamics of 
water and its interaction with air, sedi- 
ments, shore and man-made struc- 
tures. Studies provide new knowledge 
for use by water resource managers 
and engineers in Environment Canada 
and elsewhere. This article highlights a 
few studies conducted in the Hydrau- 
lics Project: the transfer of toxics be- 
tween air and water done in the new 


gas transfer flume; the assistance pro- 
vided to the Water Resources Branch 
(WRB), Environment Canada, in its 
role to document our water resources; 
and the provision of expert advice and 
laboratory facilities to external clients. 


Gas transfer at air- 
water interfaces 


Gas transfer at air-water interfaces is 
a complex process which plays an im- 


portant role in geobiochemical cycles. 
In particular, the exchange of green- 
house gases (e.g., methane, carbon di- 
oxide) is critical to fully understand the 
process of climatic change. There is 
also a vivid interest in the gas transfer 
of some high molecular weight organic 
compounds, which are of direct rele- 
vance for environmental and human 
health. 
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An air-tight recirculating gas transfer 
flume (GTF) has been designed and 
constructed in the Hydraulics Labora- 
tory for mass (gas) transfer studies 
across the air—water interface as well 
as for studies related to wave mechan- 
ics and boundary layer turbulence in 
air and in water. The GTF can provide 
mean wind speeds from 1 m/s to 22.5 
m/s and mean water velocities up to 
0.50 m/s, with water recirculation pos- 
sible in both directions. Wind-gener- 
ated and/or programmable paddle- 
generated waves can be obtained in the 
flume. The test section is 32-long and 
0.76- wide, while the water depth is de- 
signed to be 0.25 m and the height of 
the air duct is 0.60 m. 


The system is equipped with high effi- 
ciency filters for air and water. At the 
end of each experiment, air and water 
in the GTF can be safely discharged 
through these filters. 


There are three measuring stations at 
different fetches, each with glass win- 
dows on both sides of the test section. 


Each station is equipped with appro- 
priate instrumentation to do aero- 
hydrodynamic and chemical measure- 
ments. 


The transfer properties of hexachloro- 
benzene, an organochlorine fungicide, 
was examined using two experimental 
methods. The first was based on the 
decay of aqueous concentration of the 
fungicide after an initial addition and 
the second hinged on the approach to 
equilibrium of the aqueous 
concentration during steady addition 
of the contaminant. In both cases the 
wind tunnel was operated in a 
ventilated condition so that the air 
stream was essentially free of the 
fungicide. The methods were in close 
agreement over a wide range of wind 
speeds. Tests have also been conducted 
on several pollutants and the analysis 
of the data is in progress. 


Support to WRB 


Flow measurement structure for 
Milk River 


The Milk River is a regulated, interna- 
tional river which flows through Mon- 
tana, USA, and Alberta, Canada. The 
waters are shared by Canada and the 
USA, in accordance with the Boundary 
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Water Treaty of 1919 and a 1921 Order 
of the International Joint Commis- 
sion. Satisfactory apportioning of the 
water requires that reliable discharge 
records be obtained at the hydrometric 
gauge at Eastern Crossing, Montana. 
The Milk River is a sand-bed stream. 
As a result, stage—-discharge relation- 
ships are poorly defined and correc- 
tions to the discharge records, based 
on frequent discharge measurements, 
must be applied. The Hydraulics Labo- 
ratory was asked by the Water Survey 
of Canada, Water Resources Branch, 
Calgary, Alberta, to examine ways to 
improve the quality of the discharge 
records. Existing methods were re- 
viewed and then mobile bed model 
tests were conducted. Results indicate 
that a three—dimensional, submerged 
weir has the best chance of success. 
Theoretical analysis and model testing 
show that the head-discharge relation- 
ships in the prototype is expected to be 
stable for heads greater than 0.75 m, 
which is equivalent to an average flow 
during the irrigation season of 15 m3/ 
sec. For smaller heads, sediment depo- 
sition in the approach channel may 
vary the discharge coefficient suffi- 
ciently to render the head-discharge 
relationship unstable. Further tests 
are planned in order to examine the 
variability of the discharge coefficient 
at the lower flows. 


Measurement of flow in streams 
with solid ice cover 


Uncertainties in the measurement of 
stream flow during periods of ice cover 
have long been the concern of water re- 
sources data managers. The Water 
Survey of Canada is addressing this 
problem by examining flow measure- 
ment procedures and new equipment 
with technical assistance provided by 
the Hydraulics Project. Emphasis is 
placed on examining and testing acous- 
tic flow meters, on review of perform- 
ance characteristics of conventional 
current meters and associated sys- 
tems, and on the development and im- 
plementation of a nationwide flow 
measurement program involving 36 
different stream sites. 


Suspended 
calibration 


sediment sampler 


Suspended sediment is the dominant 
component of the total sediment load 
transported by alluvial streams. Accu- 


rate measurement of suspended sedi- 
ment concentration is important fora 
wide range of engineering and environ- 
mental problems. Recent emphasis on 
considering fine sediment fractions as 
a water quality parameter makes accu- 
rate sediment sampling more impor- 
tant than ever. The Water Survey of 
Canada uses about 600 suspended sedi- 
ment samplers in its national program. 
Their calibration requires significant 
time and resources. To meet the re- 
quirements, the Water Survey of Can- 
ada, together with the Hydraulics Pro- 
ject, is establishing a comprehensive 
calibration strategy which will ensure 
that the necessary measurement ac- 
curacies are obtained. 


Client studies 


The specialized equipment and facility 
of the Hydraulics Laboratory are made 
available to external clients via cost re- 
covery or joint venture agreements un- 
der a policy established by Environ- 
ment Canada. Several important pro- 
jects have been undertaken recently. 


Windermere Basin model study 


A physical hydraulic model study of the 
Windermere Basin was done at the re- 
quest of Mar-land Engineering Ltd., 
agents for the Hamilton Harbour 
Commissioners. The Windermere Ba- 
sin, located in the southeast corner of 
Hamilton Harbour, is the subject of a 
cleanup operation involving the dredg- 
ing of contaminated sediments and dis- 
posal behind berms to be constructed 
in the basin. The functions of the ba- 
sin, after dredging and reshaping with 
berms, will be to improve aesthetics 
and to trap incoming contaminated 
sediments before they enter the main 
part of the harbour. The distorted- 
scale physical model was designed to 
accomplish the following: to deter- 
mine the hydraulic efficiency of the 
proposed settling basin; to investigate 
the effects and relative merits of spur 
dikes and vanes on improving the hy- 
draulic efficiency of the basin; to deter- 
mine the effect of a wide broad-crested 
weir at the outlet of the basin; to deter- 
mine the effect of a sediment trap on 
the hydraulic efficiency of the basin. 


Investigations of a 
non-standard Parshall flume 


The regional municipality of York op- 
erates a Parshall flume, with non- 
standard flow conditions at the en- 
trance, to measure sewage discharges 
in a trunk sewer. Such conditions, 
which are created by two upstream- 
impact baffles serving to dissipate ex- 
cessive kinetic energy of the approach- 
ing flow, caused concerns about the ap- 
plicability of the standard-rating 
curve to this facility. Consequently, 
the municipality of York commis- 
sioned the Hydraulics Project to study 
the accuracy of their flow measure- 
ment facility in a hydraulic mode. This 
study has been successfully completed 
and provided information on the ef- 
fects of the impact baffles on the rating 
curve of the standard Parshall flume, 
response characteristics of the exist- 
ing stilling well used for flume head 
measurements and corrective meas- 
ures for flumes with high-velocity ap- 
proach flows. The methodology devel- 
oped in this study is generally applica- 
ble to investigations of malformed flow 
measurement structures sometimes 
encountered in municipal as well as in- 
dustrial installations. 


Breakwater design 


Sandwell Swan Wooster Inc. was re- 
tained by Public Works Canada to de- 
sign a rubblemound breakwater for a 
new marine project at Port Colborne, 
Ontario. 


The marina breakwater is partially 
protected from Lake Erie waves by the 
existing outer harbour breakwater. 
Under design conditions, however, the 
outer breakwater is overtopped and a 
considerable amount of wave energy is 
transmitted toward the inner harbour 
and marina. At the request of 
Sandwell Swan Wooster Inc., the Hy- 
draulics Laboratory conducted 1:30 
scale physical hydraulic model tests of 
the outer breakwater to determine the 
design wave for the marina breakwa- 
ter. Subsequently, two dimensional 
stability tests were run to determine 
the optimum cross-section of the ma- 
rina breakwater. Waves were gener- 
ated and analyzed using the National 
Research Council of Canada GEDAP 
software. 


Project Chief: Dr. M.G. Skafel 
Study Leaders: C.T. Bishop, 
Dr. M.A. Donelan, P. Engel 


Technical staff: 

D. Beesley, C. Bil, J. Dalton, 

D. Doeden, F. Dunnett, D. Fekyt, 

J. Heidt, W. Moody, B. Near, 

T. Nudds, R. Stephens, W.B. Taylor, 
B. Trapp, G. Voros 

Recent publications 


Engel, P. and P. Zrymiak. 1989. Development of a 
calibration strategy for suspended sediment sam- 
plers—Phase 1. NWRI Contribution 89-121. 


Engel, P. and Y.L. Lau. 1989. Laboratory tests of 
artificial control for Milk River-—Phase II. NWRI 
Contribution 89-92. 


Engel, P., Y.L. Lauand M.O. Spitzer. 1989. Effects 
of bed level fluctuations on discharge measurement 
in alluvial streams. Proceedings of the Annual 
Conference and the 9th Hydrotechnical Confer- 
ence,, Vol. IIB Hydrotechnical, Canadian Society 
for Civil Engineering, St. John’s, Nfld. 
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Windermere Basin model. 


NWRI’S SECOND 
VOLLENWEIDER 
LECTURESHIP 


The 1989 Vollenweider Lecture in 
Aquatic Sciences was awarded on No- 
vember 8, 1989 to Dr. Charles R. 
Goldman, Professor of Limnology and 
Chairman of the Division of Environ- 
mental Studies, University of Califor- 
nia, Davis. Professor Goldman is rec- 
ognized internationally for his 30 
years of ecological research on Lake 
Tahoe and for his analysis of lakes and 
impoundments throughout the world. 
The key to his success has been his 
ability to combine effective research 
with responsible social action and pol- 
icy engagement. 


The Vollenweider Lectureship is 
granted annually to an eminent fresh- 
water scientist for his/her global con- 
tribution to the advancement of 
aquatic sciences. The Lectureship has 
been established in honour of Dr. 
Richard A. Vollenweider on the occa- 
sion of his retirement from the Public 
Service of Canada in 1988. Dr. Vollen- 
weider is currently NWRI’s Emeritus 
Senior Scientist designate. 


STAFF NEWS 


New Fellow of the American Meteorological Society 


Dr. M. A. Donelan, Research and Applications Branch, has been elected fellow of 
the American Meteorological Society in recognition of his outstanding and sus- 
tained contributions to atmospheric and oceanic sciences. He has been an active 
member of the Society since 1981 and chaired its Committee on the Interaction of 
the Sea and Atmosphere in 1984 and 1985. Dr. Donelan has published many arti- 
cles on the subject of waves and air-sea interaction, including a chapter (Air-Sea 
Interaction) for the 9th volume of The Sea, a compendium of oceanography. 


Visiting Scientists 


The Lakes Research Branch was host to several visiting scientists from Europe in 
the summer and fall of 1989. Dr. M. Panizutti of Centro Nazionale delle 
Ricerche, Milan, worked with Dr. E. Halfon for three months on modelling proce- 
dures. Dr. R. Markosova, associate professor in the Department of Hydrobiol- 
ogy, Charles University, Prague, worked on nutrient-contaminant interactions in 
Hamilton Harbour for three months with Dr. J.H. Carey. Dr. A. Nauwerk, Di- 
rector of the Limnology Institute, Mondsee, Austria, visited NWRI for a week and 
gave several seminars on species succession of zooplankton and phytoplankton. 


Editor’s Award 


F.M. Boyce, Lakes Research Branch, is the 1989 recipient of the Editor’s Award 
from the International Association of Great Lakes Research. The award recognizes 
outstanding support of the Association’s journal and its peer review process. 
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# COMING EVENTS ® 


March 14-16, 1990: CLIMATE CHANGE: 
IMPLICATIONS FOR WATER AND ECO- 
LOGICAL RESOURCES. This interna- 
tional symposium/workshop to be held at 
the Waterloo Inn, Waterloo, Ontario, is 
sponsored by the Canadian Climate Centre 
and the Sustainable Development Branch 
of Environment Canada, the Canadian 
Committee on Land Classification and The 
Water Network (an initiative of the Grand 
Valley Conservation Foundation). There 
will be working groups on: water resources, 
supply and demand; wetlands, wildlife and 
fisheries; energy and transportation; agri- 
culture and forests; and conservation 
strategies. Plenary speakers will include 
Will Kellogg, National Centre for Atmos- 
pheric Research, Boulder, Colorado; Bill 
Riebsame, University of Colorado; Stan 
Rowe, University of Saskatchewan; 
Elizabeth Dowdeswell, Atmospheric Envi- 
ronment, Environment Canada; and Jim 
Bruce, former Assistant Deputy—Secretary 
General of the World Meteorological Or- 
ganization. For further details, contact: M. 
Sanderson, A/Director, The Water Net- 
work, c/o Department of Geography, Uni- 
versity of Waterloo, Waterloo, Ontario 
N2L 3G1. Telephone: (519) 885-1211, Ext. 
6962; Fax: (519) 746-2031. 


June 4-5, 1990: ADVANCED OXIDATION 
PROCESSES FOR THE TREATMENT OF 
CONTAMINATED WATER AND AIR, Days 
Inn, Toronto Airport, Toronto, Ontario. 
This symposium is sponsored by the Was- 
tewater Technology Centre (Environment 
Canada), the Canadian Association on 
Water Pollution Research and Control, and 
other leading research institutions, indus- 
try and government agencies active in the 
advanced oxidation processes field. Its ob- 
jectives are: to identify and discuss state— 
of-the-art and emerging technologies in 
the advanced oxidation processes (AOP); to 
examine case studies that have successfully 
demonstrated, at bench-—scale, pilot—scale 
and full-scale levels, the use of AOP for the 
removal of organics in water and air; to dis- 
cuss current and pending R & D studies. 
Poster sessions will be included in the pro- 
gram. For further information, please con- 
tact: WT'C AOP Symposium, Marbek Re- 
source Consultants, 2211 Riverside Drive, 
Suite 407, Ottawa, Ontario K1H 7X5. 
Phone: (613) 523-0784; Fax: (613) 
523-0717. 


July 10-12, 1990: NORTHERN HYDROL- 
OGY SYMPOSIUM, Saskatoon, Sas- 
katchewan. This symposium is being held 
to assist in the planning and development 
of the Northern Water Systems program, 
one of the three major research programs of 
the National Hydrology Research Institute. 


Think Recycling! 
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The main topics covered will be: snow hy- 

drology, permafrost hydrology, ground-— 
water hydrology, glacier hydrology, hy- 
drology of floating ice, regional water bal- 
ances, regional energy balances, water 
quality, and water management. For fur- 
ther information, please write to: Scien- 
tific Information Division, National Hy- 
drology Research Institute, 11 Innovation 
Boulevard, Saskatoon, Saskatchewan 
STN 3H5. 


August 27-30, 1990: AQUATIC ECOSYS- 
TEMS IN SEMI-ARID REGIONS: IMPLI- 
CATIONS FOR RESOURCE MANAGE- 
MENT, Saskatoon, Saskatchewan, spon- 
sored by the National Hydrology Research 
Institute and The Rawson Academy of 
Aquatic Science. The objective of the con- 
ference is to bring together aquatic scien- 
tists, resource experts and managers with 
an interest in aquatic environments in 
semi-arid regions to examine existing 
knowledge of these systems and the op- 
tions and opportunities for their effective 
management. For further information, 
please write: Scientific Liaison & Systems 
Division, National Hydrology Research 
Institute, 11 Innovation Boulevard, Sas- 
katoon, Saskatchewan S7N 3H5. 


About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research 
and development in the aquatic 
sciences, in partnership with the 
international freshwater science 
community. The twin goals of the 
Institute are to advance scientific 
understanding of national and 
international water issues important to 
Canada, and to develop knowledge and 
authoritative expertise on these issues 
that can be used by Environment 
Canada to influence decisions affecting 
the wise management of Canada’s 
water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each 
focusing on a priority issue. Projects 
are grouped within three branches: the 
Lakes Research Branch, the Rivers 
Research Branch, and the Research and 
Applications Branch. Current long 
term research priorities include: toxic 
chemicals in the Great Lakes and the 
St. Lawrence River; exchange of toxic 
contaminants between air, water, 
sediments and biota; underground 
contamination; pesticide contamina- 
tion in rivers; acid rain; lake rehabilita- 
tion; aquatic monitoring; ecotoxicol- 
ogy; and risk prediction methodologies. 


INFORMATION 
RESULTS 


SURVEY 


We wish to thank our readers who completed 
the Information Survey inserted in issue 6 of 
NWRI Digest. Over 200 replies were re- 
ceived, totalling about 12% of our mailing 
list. Responses came from all sectors: 44% 
government, 28% university, 18% private 
sector, and 20% environmental, non— 
governmental organizations. 


We were pleased to discover that NWRI DI- 
GEST is often circulated within an organiza- 
tion and that most of you who replied were 
satisfied with its format and quality. The 
majority answered “they always read the DI- 
GEST, but were selective in what they read.” 
RESEARCH NEWS (88%) and PROJECT 
FOCUS (55%) seem to be the sections of par- 
ticular interest. The five most “wanted” top- 
ics were: fate and pathway of toxic contami- 
nants (69%), biomonitoring and ecotoxicol- 
ogy (52%), groundwater contamination 
(52%), contaminated sediments (51%), and 
acid and toxic rain (49%). 


Your comments and suggestions were 
greatly appreciated and will help us improve 
the newsletter. Several names were also 
added to our distribution list of approxi- 
mately ’'2000. 


NWRI Digest 


The NWRI Digest is the quarterly 
public newsletter of the National Water 
Research Institute, Conservation and 
Protection, Environment Canada. 
Suggestions, comments and further 
enquiries concerning newsletter items 
are welcomed. Please write to the 
Editor, NWRI Digest, National Water 
Research Institute, P.O. Box 5050, 
Burlington, Ontario, Canada L7R 4A6. 
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BEYOND GIS THERE IS ... RAISON 


A number of years ago, as part of the acid 
rain program (LRTAP), NWRI came to 
the conclusion that “expert systems” of- 
fered effective alternatives to traditional 
scientific methods for the evaluation of 
surface water quality and for the predic- 
tion of aquatic consequences of various 
policy options for reducing sulphur 
emissions. That decision led to the de- 
velopment of RAISON (Regional Analy- 
sis by Intelligent Systems ON a micro- 
computer), a software system used for 
data integration and management, and 
for data analysis and display. 


RAISON utilizes and incorporates 
a GIS (geographical information system) 
package with a numerical modelling and 
expert systems capability specifically 
designed to deal with surface water 
management. 
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Requiring only inexpensive micro—com- 
puter hardware, RAISON was instru- 
mental in mobilizing and integrating 
Canadian surface water data and in 
defining the aquatic consequences of 
various U.S. and Canadian sulphur 
emission options. The output of this 
program contributed to the defense of 
Canadian interests in LRTAP negotia- 
tions with the U.S. government. 


The current version of RAISON is 
designed for a wide range of water man- 
agement problems. The data assembly 
capability permits interrogation of di- 
verse data bases and the assembly of 
data sets according to user-specified cri- 
teria. Output of statistical analyses for 
interactive interpretation of water data 
can be graphed and tabulated on the 
screen or colour printer. Together with 
the GIS component, RAISON is espe- 
cially useful for visual description of 
point and spatial data for State of Envi- 
ronment (SOE) reporting and for visual- 
izing alternative water management 
possibilities arising from modelled rela- 
tionships. RAISON is, however, signifi- 
cantly different from commercial GIS 
systems because it is designed specifi- 
cally for modelling and prediction pur- 
poses. Numerical models of expert sys- 
tems can be either built directly into 
RAISON or can be appended to the 
RAISON package. 


RAISON is not designed as an off- 
the-shelf product. It is an application 
software which users can manipulate via 
the RAISON programming language 
(RPL) which was developed for RAISON 
applications. RAISON is designed to in- 
terface with commercial GIS and data 
base products. RAISON is now widely 
used in Canada and internationally in a 
range of situations, from straightfor- 


Environnement 


ward statistical and descriptive applica- 
tions, as in SOE reporting, to complex 
predictive modelling. Modelling appli- 
cations are diverse and include disaster 
(spill) management, modelling of op- 
tions for mine locations relative to po- 
tential aquatic impact of effluent and be- 
haviour of selected priority chemicals in 
riverine and estuarine situations. An ex- 
pert system version of RAISON has been 
applied by the Government of Malaysia 
for managing rural groundwater wells 
for domestic water supply. The United 
Nations Environment Programme 
(UNEP) has recently contracted NWRI 
to adapt RAISON for management of 
the global water component of UNEP’s 
Global Environmental Monitoring Sys- 
tem (GEMS/Water). 


Because of its potential for improv- 
ing Canada’s capability to assess envi- 
ronmental factors on a regional basis, 
RAISON was selected by Industry, Sci- 
ence and Technology Canada to receive 
funding under their Strategic Technolo- 
gies Program in the area of Artificial In- 
telligence (AD) research projects in fed- 
eral departments. One of the advan- 
tages of the AI approach is the ability to 
include in scientific models the non-nu- 
meric and judgemental information (..e., 
experience) which water managers gain 
through years of experience. 


The RAISON system is described 
in a brochure available from the 
RAISON coordinator, Rivers Research 
Branch. 


Dr. E.D. Ongley, Director 
Rivers Research Branch 


Dr. D.C.L. Lam, Chief 
Basin Integration and Modelling 
Rivers Research Branch 


RESEARCH NEWS 


NWRI Participation to 
GLOBE ’90 


From March 19-23, 1990, Vancouver was 
host to GLOBE ’90, the first in a series of 
biennial “Global Opportunities for Busi- 
ness and the Environment” events. Some 
3500 participants from 60 countries at- 
tended the week-long international 
Trade Fair and Conference, which offered 
a variety of presentations and exhibits ad- 
dressing the challenges and opportunities 
arising from the implementation of sus- 
tainable development. 


As part of Environment Canada’s Inland 
Waters Directorate’s participation in the 


GLOBE ’90 Trade Fair, NWRI displayed 
some of the Institute’s capabilities and re- 
cent achievements. The two NWRI 
booths exhibited the following topics: 
RAISON (Regional Analysis by Intelligent 
Systems ON a micro-computer), a micro- 
computer-based, interactive environ- 
mental evaluation tool; the use of robot- 
ics in analytical chemistry automation; 


Environment Minister Lucien Bouchard at IWD’s display. 


the use of a continuous-flow, large-sam- 
ple extractor for preparative work in en- 
vironmental trace analysis; the develop- 
ment of analytical reference materials 
and certified reference materials for 
quality assurance/quality control stud- 
ies; and a reduced scale model of a Par- 


shall water flume used in hydrav 
modelling studies. By all account, NV 
involvement was very successful in | 
moting the Institute to the thousand 
visitors that attended the trade sh 
Technology transfer opportunities 
anticipated to accrue from the even 


NSERC/Industrial Collaborative Project 


Dr. E. Prepas, University of Alberta, and Dr. T.P. Murphy, Lakes Research 
Branch and adjunct to the Boreal Institute, University of Alberta, have received 
a three-year grant from the Natural Sciences and Engineering Research Coun- 
cil (NSERC) to support their research on the use of oxygen injection for lake 
restoration. Linde Ltd. will provide an equivalent funding towards engineering 
resources to increase the efficiency of oxygen injection. The funding received 
from NSERC will support four graduate students working on the biological re- 
sponse of the aquatic biota in Amisk lake, near Edmonton. 


Elmira Groundwater Decontamination 


Photo-oxidation of dimethyl nitrosamine in groundwater at Elmira, Ontario, 
will be evaluated in a combined research project utilizing expertise from the pri- 
vate sector, the Wastewater Technology Centre and NWRI. Dr. J.H. Carey’s re- 
search on ultraviolet oxidation enhancement will be further developed to allow 
an on-site treatment facility to discharge decontaminated groundwater into sur- 


face waters. 
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Fraser River Estuary 
Management Plan 


Drs. J.H. Carey, P.F. Hamblin and C 
Murthy, Lakes Research Branch, part 
pated in the annual Fraser River Estu 
Management Plan (FREMP) meeting 
Vancouver. Dr. Carey provided a keyn 
address on organic contaminants in ° 
Fraser River. The implications of his 
search conclusions on the FREMP mc 
toring plans were that special monitor 
strategies are required to deal with « 
sodic inputs of contaminants; the ; 
wedge phenomenon should be accoun 
for in monitoring and fate modelli 
monitoring and characterization of 
sources of contaminants from pulp m 
in British Columbia must be carried c 
and contaminant “fingerprint” scans n 
to be developed to allow the detectior 
new and potentially deleterious types 
organic chemicals. 


mpact of Hagersville 
fire Fire 


‘ederal activities related to the potential 
nvironmental impact of the tire fire in 
fagersville, Ontario, have involved 
YWRI staff at various levels. While the 
Nater Quality Branch took the lead in 
nonitoring and assessment, extensive 
ield support was provided by NWRI’s 
esearch Support Division, with advice 
ind specialized assistance from NWRI’s 
‘esearch branches. B.J. Dutka applied 
iis “battery of tests” to rapidly estimate 
he toxicity of water samples from the 


Designing for Floods 
in Canada 


The concept of a Canadian code of prac- 
tice for flood design was first proposed 
in the late 1970s. Following some pre- 
liminary work, the Canadian Council of 
Resource and Environmental Ministers 
decided to sponsor the development of 
such a code in 1981. The preparation of 
the code was under the guidance of an 
editorial board headed by Professor 
W.E. Watt, Queen’s University, 
Kingston, and was completed by a team 
of 21 writers, including J. Marsalek, 
Rivers Research Branch, and Professor 
G. Patry, McMaster University, who 
jointly contributed the chapter on ur- 
ban design floods. A chapter was de- 
voted to ice jam effects and recom- 
mends engineering methods developed 
at NWRI. The final product has been 
recently published by the National Re- 
search Council of Canada under the ti- 
tle “Hydrology of Floods in Canada: A 
Guide to Planning and Design.” The 
Guide consolidates technical informa- 
tion related to the analysis of floods in 
Canada and the determination of “de- 
sign floods” for projects and studies in 
public works, water resources and land 
development. Adoption of the Guide in 
Canadian engineering practice should 
result in better flood protection designs 
and reduced flood damages. 


Reference 


National Research Council of Canada, Associate 
Committee on Hydrology. 1989. Hydrology of 
Floods in Canada: A Guide to Planning and 
Design, W. Edgar Watt, Editor-in-Chief, 245 p., 
NRCC No. 29734. ( Available from: Publication 
Sales and Distribution Office, National 
Research Council of Canada, Ottawa, Ontario 
KIA ORG ). 


area. The results generated from those 
tests provide useful and quick informa- 
tion to managers, especially when there 
is a wide spectrum of organic chemicals 
resulting from the fire. Based on his field 
visits and ongoing review of new infor- 
mation, K. Novakowski provided infor- 
mation on the potential for groundwater 
contamination. 


The Rivers Research Branch has contin- 
ued to provide advice and assistance to 
federal and provincial authorities on the 
estimation of existing and potential im- 
pacts after the fire has been extin- 
guished. Dr. S. Lesage has provided the 


Importance of 
Dissolved Organic 
Carbon in Aquatic 
Systems 


Composed of a vast variety of com- 
pounds, from easily metabolized cellular 
by-products to persistent humic and ful- 
vic acids, dissolved organic carbon 
(DOC) plays a particular role in the ef- 
fects of acid rain in aquatic ecosystems. 
DOC contributes to both the acidity of 
water and to its buffering capacity. It 
has also the tendency to loosely bind 
aluminum and other metals, therefore 
decreasing their toxicity. The role and 
importance of DOC as a modifier of 
processes and functions has been de- 
scribed in recent publications. In brown 
waters, DOC was found to be composed 
of a great variety of components which 
may differ according to place and time. 
The information was incorporated into 
the modelling of the impacts of long 
range transport of atmospheric pollut- 
ants. Other papers describe the stability 


National Water Quality Laboratory with 
information on the nature of contami- 
nants originating from the fire, many of 
which are rubber additives. Mr. Dutka 
has continued his study of the relative 
toxicity of water samples. The Ontario 
Ministry of the Environment requested 
and funded the application of the 
RAISON expert system to the fire site 
and downstream affected areas. Aimed 
principally at data management and im- 
pact evaluation, the study provides a 
good demonstration of RAISON’s ability 
to assist in offering the needed informa- 
tion in an emergency situation. 


of DOC in acidifying waters; the toxicity 
of aluminum according to the composi- 
tion; and the effect of different DOC con- 
centrations on the bioaccumulation and 
acute toxicity of synthetic pyrethroid in- 
secticides to Daphnia magna. 


References 


Bourbonniere, R.A. 1989. Distribution patterns 
of dissolved organic matter fractions in natural 
waters from Eastern Canada. Organic Geochem. 
14: 97. 


Lam, D.C.L., A.G. Bobba, R.A. Bourbonniere, 
G.D. Howell and M.E. Thompson. 1989. 
Modelling organic and inorganic acidity in two 
Nova Scotia rivers. Water Air Soil Pollut. 46: 277. 


Bourbonniere, R.A. and T. van Halderen. 1989. 
Fractional precipitation of humic acid from 
coloured natural waters. Water Air Soil Pollut. 46: 
187. 


Peterson, R.H., R.A. Bourbonniere, G.L. Lacroix, 
D.J. Martin-Robichaud, P. Takats and G. Brun. 
1989. Responses of Atlantic salmon (Salmo salar) 
alevins to dissolved organic carbon and dissolved 
aluminum at low pH. Water Air Soil Pollut. 46: 
399. 


Day, K.E. 1990. Effects of dissolved organic 
carbon on accumulation and acute toxicity of 
fenvalerate, deltamethrin and cyhalothrin to 
Daphnia magna (Straus). NWRI Contribution 
No. 90-50. 


Remediation of Groundwater Contamination 


A recent report describes the result of years of monitoring and investigation at the 
Transport Canada “special waste compound” of the Gloucester landfill at Ottawa 
Airport. The report considers remedial alternatives and recommends a five-year 
pump-and-treat operation, after which excavation to access non-aqueous phase 

liquids and/or in situ biorestoration may be required. The study emphasizes the fact 
that groundwater contamination is always cheaper and easier to avert than it is to 


rectify. 


References 
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Toxicity Assessment 
and the Importance of 
Breakdown Products 


Research in the field of toxic organic 
chemicals carried out in the Rivers Re- 
search Branch emphasizes chemical degra- 
dation as well as the nature and effects of 
the resultant breakdown products. Drs. 
K.E. Day and R.J.Maguire continue their 
investigation into the chemistry and toxic- 
ity of deltamethrin, a pyrethroid insecti- 
cide which is rapidly degraded. In a recent 
paper, they show that at least one of the 
isomers, into which the pesticide may be 
converted in natural water, exhibits an 
acute toxic effect upon Daphnia magna. 


Other recent Rivers Research Branch stud- 
ies have examined the toxicity of chemical 
mixtures and biodegradation products. Dr. 
D.L.S. Liu showed that the toxicity pat- 
terns of chemical mixtures on biota are ex- 
tremely complex. Therefore, the approach 
of setting water quality standards, based 
on the effect of individual chemicals, re- 
quires reexamination. In another study, it 
was concluded that prior acclimation of the 
bacterial population is a factor not suffi- 
ciently considered in models which at- 
tempt to predict toxic impacts. Finally, the 
scientists recommend that known degra- 
dation products be incorporated into bioas- 
say procedures. This would greatly en- 
hance the reliability of estimated toxic im- 
pacts. 
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Expert Systems to 
Predict Pesticide 
Migration and 
Transport 


Dr. A. Crowe and J.P. Mutch, Rivers 
Research Branch, are working on a 
two-year study to develop an expert 
system for predicting the migration 
and transformation of pesticides in 
soil and shallow groundwater. The 
study is done in support of the require- 
ment to assess the potential adverse 
effects of a pesticide and its degrada- 
tion products on soil and shallow 
groundwater, before the pesticide is 
approved for public use. The work is 
funded by the Pesticide Division of the 
Commercial Chemicals Branch (Con- 
servation and Protection), which is re- 
sponsible for the assessments. Three 
reports give an excellent overview of 
the usefulness of expert systems ap- 
plied to similar problems, and provide 


a description of the two-year research | 
program. The first phase of the pro- 
ject has been completed and consisted 
of a review of existing pesticide trans- 
port and degradation models which 
may be suitable for incorporation into’ 
the expert system. 
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Rotating Circular Flume 


A seven-meter rotating flume has recently been installed in the Hydraulics 
Laboratory. The new and unique piece of equipment has been designed by 
NWRI specifically for the study of long-distance transport of fine sediments. 
Preliminary testing of the flume has started. It will be used by Dr. B.G. Krish- 
nappan, Rivers Research Branch, to study in-stream fine particle processes, 
such as flocculation and associated transport of contaminants. After testing 
and calibration, instrumentation, such as a Malvern particle-size analyzer, 
will be installed in the flume. The availability of this facility was a major factor 
in attracting Professor Partheniades, University of Florida, a world expert in 
the field of fluid hydraulics of fine particles, who will be a visiting scholar from 
September 1990 to March 1991, on his sabbatical leave, and E. Skarbgvik, a 
doctoral student from the University of Oslo, in residence at NWRI for a nine- 


month period. 


Rivers Research 
Branch 
Reorganization 


Reflecting altered priorities and sci- 
entific approaches, the Rivers Re- 
search Branch has reorganized its 
project structure as of April 1990. 
The Ecotoxicology and River Con- 
taminants projects have been merged 
into the new Ecotoxicology and 
Environmental Chemistry Pro- 
ject, headed by Dr. R.J. Maguire. Ca- 
pabilities in data handling, modelling 
and forecasting, developed under the 


LRTAP program, have been re- 
grouped into a project headed by Dr. 
D.C.L. Lam and called Basin Inte- 
gration and Modelling. The ongo- 
ing study and monitoring of LRTAP 
effects at the Turkey Lakes Water- 
shed and elsewhere, and the studies of 
the Athabasca River, Great Lakes 
tributary loadings and environmental 
hydraulics form the Environmental 
Hydraulics and Large Basin 
Studies Project under Dr. S. 
Lesage. The Groundwater Con- 
tamination Project remains un- 
changed. 


[he development of improved methods 
ind procedures for the analysis of 
lioxins in various environmental matri- 
‘es continues be the focus of many ana- 
ytical chemistry research studies. Re- 
‘ent research projects carried out by 
‘taff of the Research and Applications 
3ranch have contributed to this field. 


nvestigations by Dr. J.P. Sherry and 
‘ollaborators have led to the develop- 
nent of anew and more efficient method 
or the extraction and clean-up of 
olychlorinated dibenzo-p-—dioxins in 
ish tissues. The new method incorpo- 
‘ates a neutral solid phase extraction 
srocedure in lieu of the conventional, la- 
sorious and time consuming liquid 
hase acidic extraction procedure. This 
new method also substitutes a multi- 
layer solid phase clean-up step for the 
three lengthy and tedious liquid phase 
clean-up steps commonly used. Compa- 
rable recoveries of the analytes of inter- 
est have been achieved when the two 
methods are used with a variety of fish 
samples spiked at the 10-100 ppt level. 


Environmental analytical laboratories 
are often confronted with very large 
numbers of samples which are submit- 
ted for a particular organic residue 
analysis, a situation that calls for the de- 
velopment of reliable screening tests ca- 
pable of detecting the presence of the 
analyte of interest. With the availability 
of such screening tests, the full quantita- 
tive analytical procedures then need 
only to be applied to the samples which 
test positive during screening. The re- 
source-intensive protocols for dioxin 
analysis constitute a prime area of inter- 
est for screening tests, and radioim- 
munoassay (RIA) techniques have been 
regarded for some time as promising. 


As part of a research project on the de- 
velopment of a RIA screening test for 
polychlorinated dibenzo p-—dioxins, Dr. 
Sherry has investigated procedures for 


Analysis of Dioxins in Environmental Samples 


the solubilization step of the test and 
their effect on the performance of the 
assay at low dioxin levels. Among the 
various solvents evaluated, dimethyl 
sulfoxide (DMSO) was found to perform 
best. A DMSO-based assay was shown 
to give the best precision and sensitivity 
by providing a more suitable medium 
for the solubilization of hydrophobic 
dioxins and the antibody binding 
processes taking place during the assay. 


At the conclusion of an extensive review 


of the _ scientific and _ technical 
literature, over the past 10-12 years, on 
the analysis of polychlorinated 


dibenzo-p-—dioxins and polychlorinated 
dibenzofurans, Dr. B.K. Afghan has 
proposed a reference method for the 
analysis of these parameters in pulp and 
paper effluents and receiving waters. 
The proposed method incorporates 
matrix specific extraction and clean-up 
procedures and an analytical protocol 
based on a combination of high 
resolution capillary column _ gas 
chromatography and high resolution 
mass spectrometry systems. The 
method has been estimated to have a 
detection limit of 10 pg/L for 
2,3,7,8—-tetrachlorodibenzo—p-dioxin in 
reagent water. 
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WHO Secondment to the 
Philippines 


M.N. Charlton, Lakes Research Branch, 
was seconded for a two-month period to 
the Regional Centre for the Promotion of 
Environmental Planning and Applied 
Studies of the World Health Organiza- 
tion (WHO), in the Philippines. The 
work was conducted for the Laguna Lake 
Development Authority at the request of 
the Philippines government. Laguna 
Lake is the largest lake in Southwest 
Asia and is used for irrigation, fish cul- 
ture, industry, and oil barging. The lake 
shores and tributary rivers are densely 
populated and with very few modern 
sanitary facilities. Within two years, 
water from the lake will be withdrawn 
for Manila’s drinking water supplies. A 
monitoring program has been in place 
for the last 15 years but little use has 
been made of the data. Mr. Charlton 
analyzed long-term data sets and 
showed how these could be used to an- 
swer local controversies. Training was 
also provided in computer techniques 
and field procedures. 


M.N. Charlton lowering an Ekman dredge 
into L. Laguna. 
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PROJECT FOCUS 


GLOBAL SOURCES, PATHWAYS AND SINKS OF METALS 


by Dr. J.O. Nriagu 


Air—Water Interactions Project, Lakes Research Branch 


Metals have played a key role in the develop- 
ment of human culture and are indispensable 
to a modern society. However, each metallic 
compound employed by science and technol- 
ogy generates different types of metallic 
waste. In addition, the consumption of fossil 
fuels is responsible for considerable discharge 
of trace metals. The following discussion fo- 
cuses on anthropogenic discharges to the at- 
mosphere, the waterways, the oceans and the 
land. Natural “discharges” which arise from 
weathering, volcanic eruptions and biogenic 
emissions are also discussed. 


Natural emissions of trace metals in the at- 
mosphere are from three main sources. 
Wind-wafted soil particles account for over 
50% of the Mn, Cr and V, and for 30-50% of 
the Sb, Ni, Mo and Zn. Volcanoes contribute 
over 60% of the Cd, 40-50% of the Hg and Ni, 
and 30-40% of the As, Cr and Cu fluxes from 
natural sources. Biogenic sources are the 
leading contributors of As, Hg and Se. In 
some instances (e.g., soils), it is conceivable 
that a proportion of the metals emitted is in 
fact from anthropogenic origin. 


Recent crude global inventories of atmos- 
pheric metal emissions from all sources leave 
no doubt as to the great significance of indus- 
trial activities on the global cycling of the 
trace metals. The three main industrial 
sources of atmospheric metal pollution are 
(1) mining, smelting and refining of metals; 
(2) burning of fossil fuels; and (3) the produc- 
tion and use of metallic commercial products. 
Smelters represent the leading source of As, 
Cu and Zn, while the manufacture of steel is 
responsible for the largest fractions of the 
pollutants Mn and Cr released to the global 
atmosphere. The burning of fossil fuels to 
generate energy accounts for over 95% of the 
pollutant V, and 80% of the pollutant Ni, 
hence the use of these two elements to iden- 
tify air parcels derived from power plants. 
Fossil fuels also account for about 69% of the 
Hg, Se and Sn and are also a significant con- 
tributor of the Sb, As, Cu and Se emitted 
anthropogenically. In spite of the reduced 
use of leaded gasoline in many countries, the 
automobile tailpipe still accounts for nearly 
two-thirds of the lead emission. A large frac- 
tion of the airborne As is still being derived 
from the spray of arsenical insecticides. 
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At present, industrial emissions dominate 
natural fluxes. On a_ global scale, 
anthropogenic emissions of Pb, Cd, V and Zn 
exceed the fluxes from natural sources by 
28-—, 6-, and 3—fold, respectively. Industrial 
contributions of As, Cu, Hg, Niand Sb exceed 
those by natural sources by 100-200%. In ur- 
ban areas and around some point sources, 
however, industrial fluxes would be even 
greater. 


The atmosphere has become a key medium in 
the transfer of trace metals to remote aquatic 
ecosystems. On a global scale, this pathway 
annually supplies over 70% of the Pb, 40% of 
the V, and 20% of the Hg and Cd flux into 
aquatic ecosystems; the inputs of other trace 
elements from this source average about 10%. 
However, in many rural and remote regions, 
the atmosphere supplies most of the trace 
metal entering aquatic ecosystems. For ex- 
ample, well over 50% of all the trace metals 
getting into the Great Lakes is via the atmos- 
phere (Nriagu, 1986). 


An extensive survey of the global distribution 
of lead in the marine atmosphere (Volkening 
et al., 1988) found the highest concentrations 
near the urban/industrial areas off Western 
Europe and eastern North America, and the 
lowest levels in Antarctica. A previous study 
by Boutron and Patterson (1987) had re- 
ported a 4-fold increase in the lead concen- 
tration in the Antarctic ice layers. In late 
spring of each year, the Arctic region is cov- 
ered by a haze containing elevated levels of 
trace metals derived from industrial sources 
in Eurasia (Shaw and Khalil, 1989; Maen- 
haut et al., 1989). The Arctic haze affects 
nearly 9% of the earth’s surface area and is 
the most extensive air pollution system 
known. The available evidence thus points to 
the fact that few places on earth are free of 
trace metal pollution. 


While it is well known that domestic and 
industrial wastewaters, sewer discharges and 
urban runoff contribute to the aquatic 
environment often in large, concentrated 
amounts, it is less well known that disposal 
on land is also significant. |The disposal of 
fossil fuel residues and the general wastage of 
commercial products on land account for 
about 55-80% of the metal pollution in soils. 
The large volumes of wastes associated with 
animal husbandry, logging, agriculture and 


food production often affect the trace metal 
budgets of many soils. Agricultural soils 
accumulate metals from the atmosphere, 
fertilizers, pesticides and manure. For 
example, it has been estimated that the 
average Cd input into agricultural lands in 
Europe is about 8 g/ha/y from the atmosphere 
and 5 g/ha/y from phosphate fertilizers 
(Hutton, 1982). In Belgium, metal 
contamination of agricultural soils from 
fertilizers and the atmosphere has been 
estimated to average 16, 20, 260 and 3800 
g/ha/y for As, Cd, Pb and Zn, respectively 
(Navarre et al., 1980). At such loading rates, 
there is a growing concern that large areas of 
arable soils in Europe may be close to 
exceeding their carrying capacity for trace 
metal pollution. In Japan, on the other hand, 
the problem has become real — about 9.5% of 
the paddy soils, 7.5% of the orchard soils and 
3.2% of the upland soils in this country have 
been rendered unsuitable for growing rice for 
human consumption because of excessive 
metal contamination (Asami, 1983). 


The comparison between the anthropogenic 
mobilization of trace metals and the weather- 
ing cycle flux indicates the dominating influ- 
ence of industrial discharges on the trace 
metal budget of the biosphere, with the possi- 
ble exception of Mn and V. For Sb, Cu, Pk 
and Zn, the industrial discharges exceed the 
weathering flux by about 3-fold; for Hg it is 
10-fold. When the mine outputs of the met- 
als are also taken into account, there can be 
no doubt that mankind has become the key 
agent in the global mobilization of trace met: 
als into the biosphere. Most of the industria’ 
discharges occur in the Northern Hemi. 
sphere, and their effects on the trace meta 
cycles in this region should be profound. 


Trace metals in the soils in urban areas anc 
around major industries (Adriano, 1986 
Purves, 1985) are quite elevated. The mediar 
values and typical ranges (in brackets) of val: 
ues reported for atmospheric fallout of trace 
metals in the urban areas of North Americ 
are 160 (20-980) g/ha/y for Cu; 91( 
(140-3500) for Pb; 18 (7-36) for Cd; and 320( 
(80-4800) g/ha/y for Zn (Jeffries and Snyder 
1981). At these deposition rates, the levels o: 
most of the trace metals in soils should be 
doubled in 2-10 years, depending on the 
baseline metal contents. 


storically, the developed countries have been 
sponsible for most of the usage and discharge 
metals. Current development trends, how- 
er, suggest sharp increases in the release of 
ace metals by the developing countries in the 
ar future. For example, the high rate of 
ee growth may result in a larger de- 

nd for metallic goods as economic condi- 
ms improve. Most of the population growth 
concentrated in urban areas which have tra- 
tionally been “hot spots” of metal pollution. 
tus, the combination of high population 
owth, rapid economic development and the 
ck of government regulations may lead to an 
crease in the rate of metal emissions in some 
veloping countries. Whether these increases 
e matched by greater decrease in the devel- 
yed countries remains to be seen. 
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in developing countries throughout the world 
and in isolated communities in North Amer- 
ca, a need to ensure that drinking water sup- 
lies are adequate, safe and accessible is al- 
ways present. Attempting to optimize these 
three attributes is not easy at the best of times, 
out is exceedingly difficult when resources are 
scarce and technology or expertise is not read- 
ily available. 


In attempting to reach a local balance between 
these three objectives, a major consideration 
is the establishment of realistic quality stan- 
dards combined with an ability to monitor for 
compliance with those standards and to re- 
spond to cases of non-compliance. One such 
quality standard which is fairly fundamental 
is that drinking water quality should be free 
from the influence of human or animal faeces 
with its attendant risk of water-borne dis- 
eases. The traditional assessment of water 
status in reference to this objective has been 
the testing for the presence of coliform bacte- 
ria, particularly faecal coliforms and Es- 
cherichia coli, the assumption being that no 
pathogens will persist any longer than these 
bacteria once exposed to oxygenated waters. 
Similarly, it is assumed that no such patho- 
gens will survive that degree of water treat- 
ment, such as chlorination, which will render 
the water coliform free. Studies of disease in- 
cidence have tended to support these assump- 
tions and contributed to the establishment of 
standardized methods for coliform testing in 
drinking water as a fundamental indicator of 
quality. However, problems with the use of 
such established methods in developing coun- 
tries and isolated areas arise due to a number 
of factors related to their lack of portability, 
simplicity and economy; they require trained 
technicians, sophisticated laboratory equip- 
ment and expensive supplies, most of which 


are not readily available in such areas. Fur- 
ther, the long incubation times required for 
some tests hinder the effectiveness of water 
quality control programs in such areas, since 
these programs tend to be based on the moni- 
toring of supplies which will be immediately 
used and whose quality may vary greatly over 
short periods of time, as opposed to the ongo- 
ing monitoring of an industrialized treatment 
process whose output quality will hardly vary. 


To overcome these problems, simplified, inex- 
pensive and reliable microbiological water 
quality tests are required. Additional design 
factors for consideration are that such tests 
should produce rapid results with minimal in- 
vestment in supplies and equipment. 


For the past six years, B.J. Dutka, Rivers Re- 
search Branch (RRB) has been involved in an 
nine—country, three—continent study, funded 
by the International Development Research 
Centre (IDRC), on the development and use of 
such tests. Researchers in Brazil, Chile, 
Egypt, Malaysia, Morocco, Peru, Singapore 
and Thailand have examined a number of 
promising, non-traditional microbiological 
tests and have adapted them to their particu- 
lar conditions and needs. As described in a re- 
cent IDRC publication, edited by RRB scien- 
tists B.J. Dutka and Dr. A.H. El-Shaarawi, 
the project developed, evaluated and demon- 
strated the utility of four such tests: the 
coliphage test, the A—1 broth (MPN) test, and 
the presence/absence (P/A) and HaS paper- 
strip potable water tests. 


The five-tube Most Probable Number (MPN) 
test using A-1 broth was found to be far supe- 
rior to locally used faecal coliform estimation 
procedures, since it is simple to perform, rela- 
tively inexpensive and more sensitive. Its 
main drawback for worldwide use is the neces- 


LOW-TECH MICROBIOLOGICAL WATER QUALITY TESTS 


sity for incubation at 44.5°C, a temperature 
not easily achieved in developing countries 
and isolated rural areas. 


The coliphage test is also inexpensive and easy 
to perform. It tests for the presence of viruses 
which invade coliform bacteria and has the 
added advantage of directly suggesting 
whether water treatment and disinfection 
have been sufficient to remove possible 
virological hazards. It also has the advantage 
of generating results within six hours, allow- 
ing a responsive water management program. 


Laboratories on three continents studying po- 
table water found that it was not uncommon 
to find coliform—free water containing 
coliphage, suggesting that enteroviruses can 
also survive the normal water treatment pro-— 
cesses. In joint studies with the Ontario Min- 
istry of the Environment, B.J. Dutka found 
that this was also true for treated drinking 
water derived from both ground and surface 
water sources in Southern Ontario. These re- 
sults indicate a need for further work, not 
only on how common this situation is, but also 
on the exact relationship between coliphage 
and pathogen survival in water treatment 
processes. 


In many areas, the coliphage and the A-1 
broth tests proved insufficient. Persistent 
cost problems and the lack of trained person- 
nel allowed the regular consumption of unsafe 
water. Two other extremely simple, inexpen- 
sive and reliable procedures were also pro- 
posed and evaluated. Both the P/A and H25 
paper-strip tests are single—bottle tests to 
which potable water is added and then incu- 
bated at between 25 and 35°C for up to five 
days. The P/A test was found to be the most 
sensitive and cost-effective test. The media 
can be transported anywhere and does not re- 
quire refrigeration; samples can be collected, 
tested and interpreted by untrained person- 
nel. 
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The H,S test is superior in that its medium (an 
impregnated paper strip) has an unlimited shelf 
life, but it is based on the testing of a smaller 
sample than the P/A test and it is therefore less 
sensitive. Some research into media concentra- 
tion versus sample volume should allow it to 
achieve an equivalent sensitivity. 


These tests are now being used under a variety of 
conditions around the world, and requests for 
information, training or assistance in establish- 
ing a local monitoring program are being re- 
ceived regularly. It remains a question of pass- 
ing the information to those who need it most, 
with the simple message that any group, any- 
where, can now set up a program to ensure the 
quality of its local drinking water. 
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COMING EVENT 


August 20-22, 1991: AQUATIC BIRDS IN THE 
TROPHIC WEB OF LAKES, Mount Allison Uni- 
versity, Sackville, New Brunswick. This sympo- 
sium will focus on the role of aquatic birds in inland 
water bodies, and especially on the relationship be- 
tween aquatic birds and nutrient levels, water qual- 
ity, and aquatic habitats. Proceedings of the sym- 
posium will be published in a special issue of 
Hydrobiologia. For further information, please 
contact: Dr. J.J. Kerekes, Canadian Wildlife Serv- 
ice, Bedford Institute of Oceanography, P.O. Box 
1006, Dartmouth, Nova Scotia B2Y 4A2. Tele- 
phone: (902) 426-6356; Fax: (902)426-7827. 


Combined issue this time... 


The current Digest is a combined issue for the 
spring and summer of 1990. The regular quarterly 
schedule will resume with the Fall 1990 issue. 
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About NWRI 


Environment Canada’s National Water 
Research Institute (NWRI) conducts a 
national program of original research 
and development in the aquatic 
sciences, in partnership with the 
international freshwater science 
community. The twin goals of the 
Institute are to advance scientific 
understanding of national and 
international water issues important to 
Canada, and to develop knowledge and 
authoritative expertise on these issues 
that can be used by Environment 
Canada to influence decisions affecting 
the wise management of Canada’s 
water resources. 


Research at NWRI is conducted within 
multidisciplinary projects, each 
focusing on a priority issue. Projects 
are grouped within three branches: the 
Lakes Research Branch, the Rivers 
Research Branch, and the Research and 
Applications Branch. Current long 
term research priorities include: toxic 
chemicals in the Great Lakes and the 
St. Lawrence River; exchange of toxic 
contaminants between air, water, 
sediments and biota; underground 
contamination; pesticide contamina- 
tion in rivers; acid rain; lake rehabilita- 
tion; aquatic monitoring; ecotoxicol- 
ogy; and risk prediction methodologies. 


Think Recycling! 
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Location of sites in the IDRC-funded study on the validation of simple and 
inexpensive microbiological tests for the assessment of drinking water supplies. 
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VIEWPOINT: An Era of Surprises 


Looking back at some of the environmen- 
tal disasters of the past few years (Cher- 
nobyl, toxic mussels in Atlantic Canada, 
the Exxon Valdez spill, and most recently 
the Persian Gulf oil spills) and the lingering 
potential threats (stratospheric ozone 
depletion, desertification, climate change), 
one must wonder: What on earth is going 
on? What are we doing to ourselves? 


All of these events differ from the past 
"local" calamities we are familiar with, 
such as massive fish die-offs and water 
taste and odour problems. Their scope can 
be regional, continental or even global and 
they are exclusively man-made problems. 
We are beginning to feel the effects of 
violating the basic laws of nature. Integrity 
of the biosphere has been disrupted and its 
built-in resilience is no longer able to buf- 
fer the adverse effects of perturbations 
caused by exploitive human activities. 
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We are beginning to 
feel the effects of 
violating the basic 
laws of nature 


We are entering a new phase governed by 
non-equilibrium thermodynamics and the 
laws of randomness and chaos from a har- 
monic steady-state ecological system that 
we were wrongly taking for granted. From 
fairly predictable and relatively stable 
situations, where straightforward solutions 
(load reduction, zero discharge of con- 
taminants) are possible, our living environ- 
ment appears to be entering a permanent 
state of flux and surprises, and we have 
little or no time to prepare a response. 


What is ecological integrity? This term has 
appeared over the past decade in a number 
of policy documents related to human ac- 
tivities within the biosphere. The directive 
of the 1978 Great Lakes Water Quality 
Agreement between Canada and the U.S. is 
to "restore and maintain the integrity of the 
Great Lakes basin ecosystem", but the 
document does not define the concept of 
integrity. It can be interpreted in different 
ways — from impairment of beneficial 
uses, as applied to the International Joint 
Commission Areas of Concern, to the con- 
cept of "wholeness" of a system and an 
ability to maintain its organization (i.e. 
structure and function), in the face of 
changing conditions and perturbations. 


The Literature lists a number of analogous 
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conceptual terms, such as resiliency, elas- 
ticity, vulnerability and stability. The ul- 
timate stage of instability is an ecological 
collapse. Surprises or unforeseen events 
are a consequence of disequilibrium 
caused by violent perturbations and can be 
expected, but not predicted. 


In my own research on unstable hyper- 
eutrophic lakes in Western Canada, I 
defined instability by the amplitude of 
biomass oscillations prior to an ecosystem 
collapse, which resulted in massive die- 
offs of the planktonic and fish communities 
in the lakes. Catastrophe theories and non- 
equilibrium thermodynamics provide addi- 
tional quantitative ways to estimate the 
potentially catastrophic instability of an 
ecosystem and identify or predict the situa- 
tion when ecosystem integrity is destroyed. 


How can NWRI approach this era of uncer- 
tainty? Are we going to be able to predict 
unforeseen events and future surprises? 
Should we just wait and see what happens 
next? 


The ultimate stage 
of instability is an 
ecological collapse 


While we cannot predict the unpredictable, 
we have to continue the development of 
models which focus on defining the condi- 
tions leading to catastrophic events and 
estimating their probability. We must an- 
ticipate an ever increasing frequency of 
crisis situations and prepare highly flexible 
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research strategies in order to address 
them. 


Even if the research gets a substantial in- 
crease in its resource base, it is unlikely that 
we shall be able to provide the needed 
advice to the government by ourselves. 
Yet, to be able to cope with the future 
surprises, we will have to: 


e diversify our expertise to include more 
ecological, engineering and social dis- 
ciplines and create flexible research 
teams; 


e take the initiative in creating a national 
and international network of experts to 
anticipate trouble spots and to form 
joint projects with other research and 
development organizations. 


NWRI has established good international 
research collaborations over the past two 
decades. We should capitalize on this 
achievement and make more use of our 
networks to learn from the experience of 
other countries. ; 


Dr. Jan Barica 
Senior Research Scientist 
Lakes Research Branch 


RESEARCH NEWS 


SCIENTISTS STUDY 
TAILINGS SPILL 


The collapse of an abandoned mine 
tailings pond served as a starting point 
for Environment Canada scientists 
studying the impact of tailings spills on 
aquatic ecosystems. 


When a beaver dam upstream of the 
Matachewan gold mine fell apart, the 
extra water surged against the contain- 
ment wall of the mine tailings pond. On 
October 17, 1990, the wall collapsed 
under the added pressure and about 
300,000 tons of tailings were flushed 
into Ontario’s Montreal River system. 
At the request of the Ontario Ministry 
of Natural Resources and the federal 
Environmental Protection Service, 
NWRI scientists quickly designed and 
initiated a study to analyze contaminant 
levels in mine tailings and bottom sedi- 
ments. 


Alena Mudroch and Dr. Tom Murphy, 
Lakes Research Branch, collected and 
analyzed tailing samples as well as sedi- 
ment cores from the Montreal River 
system downstream from the spill. 
Mudroch recorded considerably 
elevated levels of lead, zinc and copper 
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in all tailings samples. In some cases the 
concentrations of these metals were 
over ten times greater than those ob- 
served in nearby lakes. 


The contaminants were especially con- 
centrated in smaller particles. Since 
fine particles are easily carried 
downstream by the current, this could 
have a pronounced effect on the river 
system in the future. At the time of the 
study, however, the concentrations of 
lead, zinc and copper in downstream 
sediment cores were still at natural 
levels. The information derived from 
this investigation will serve as a 
baseline for further assessment of the 
long-term impact of the tailings release 
on the Montreal River’s ecosystem. 


The incident at the Matachewan mine is 
not an isolated event. Similar spills 
have occurred over the past ten years 
and it stands to reason that many of the 
hundreds of abandoned tailings ponds 
scattered throughout Canada pose a 
potential environmental threat. 


Contact: 
Alena Mudroch, Lakes Research Branch 


Determination of 
non-chlorinated 
dioxin and furan in 
defoamers 


Staff of the Research and Applications 
Branch have investigated the quality as- 
surance and analytical chemistry aspects 
associated with a method of determining 
low levels of non-chlorinated dioxin and 
furan. 


These compounds contaminate products 
used as defoamers in pulp and paper mill 
operations. The use of such defoamers in 
mills using a chlorine bleaching process 
can cause a significant increase in the levels 
of tetrachlorinated dioxins (TCDD) and 
furans (TCDF) in the final bleached pulp. 


As part of control measures to reduce the 
TCDD and TCDF levels in pulp mill ef- 
fluents, an analytical method was required 
for the determination of non-chlorinated 
dioxin and furan in defoamers. In col- 
laboration with scientists of the Pulp and 
Paper Research Institute (PAPRICAN), 
Pointe-Claire, Quebec, NWRI scientists 
have adapted a method previously 
developed at PAPRICAN to make it 
suitable for use as a reference method for 
the determination of the non-chlorinated 
dioxin and furan compounds in defoamers, 
within a detection limit of 1 ng/g. 


Reference 

Luthe, C.E., Voss, R.H., Lee, H.B., and T.E. Peart. 
1990. A proposed method for the determination of 
dibenzofuran and dibenzo-p-dioxin in defoamers. 
NWRI Contribution 90-130. 


When is a particle not a particle? 


To understand how contaminants disperse 
in water, aquatic scientists must know 
whether the contaminant is particulate or 
dissolved. Large particles are easily iden- 
tified by screening with 450 nm filters, but 
smaller particles are usually dismissed as 
solutes because they slip through the filter 


pores. 


More sensitive sampling and charac- 
terization techniques are usually too expen- 
sive and time consuming for widespread 
use. But Dr. Gary Leppard, Lakes Research 
Branch, has developed particle analysis 
procedures for use in conjunction with 
transmission electron microscopy (TEM) 
that make the process cheaper and faster. 


The advantage of TEM lies in its ability to 
resolve particles between | to 1000 nm in 
size. At the lower end of this range lie 


many interesting particles such as fibrils, 
iron colloids and viruses; structures that 
could be dismissed as solutes when ordi- 
nary sampling techniques are used. TEM 
also allows scientists to examine the shape 
of a particle and analyze its elemental com- 
position using energy-dispersive spectros- 
copy. 


Dr. Leppard has adapted techniques used in 
the biomedical sciences for use with TEM 
and minute particles. A multi-method ap- 
proach uses techniques from chemistry, 
microscopy and physics to verify results. 
The procedures are also designed to mini- 
mize degeneration of the sample from its 
natural state. Taken together, these techni- 
ques allow one to systematically identify, 
assess and reduce false information intro- 
duced by the usual methods of separating 
particles from water. Using TEM is still 


Hairy Algae 


expensive, but when refined measurements 
are essential it is an attractive solution. This 
technical advance promises to strongly in- 
fluence the approach taken to investigate 
all interactions between dissolved, col- 
loidal and particulate matter in natural 
waters. 


Dr. Leppard’s research in this area has been 
funded by diverse agencies such as the Na- 
tional Science Foundation of Switzerland, 
Environment Canada, the Department of 
Fisheries and Oceans and several Canadian 
universities including Toronto, McMaster, 
Guelph and Quebec. 


Reference 

Leppard, G.G., Burnison, B.K., and J. Buffle. 1990. 
Transmission electron microscopy of the natural or- 
ganic matter of surface waters. Analytica Chimica 
Acta 232: 107-121. 


Freshwater algae have been found to produce great quantities of 
little "hairs" or fibrils over their outer cell walls. They were first 
described in lake waters by Drs. Gary Leppard, Andrew Mas- 
salski and David Lean at NWRI more than ten years ago. 


The fibrils, which require a transmission electron microscope for 
detection, are so tiny that a cubic centimetre can contain 40 
million kilometres of them. The long sticky hairs are used to bind 
algal cells together to form colonies and/or anchor them to rocks. 
They also stick to clay and bacterial particles in the water and are 
| thought to play a role in decontaminating lakes. 


The study of their role in algal metabolism and biogeochemical 
cycles has until recently been hampered by difficulties in obtain- 
ing sufficient quantities of fibrils of uniform type that are uncon- 
taminated by detritus and microbial cells. This problem has just 
been solved in a collaborative study involving Drs. D. Kushner 
and T. Strycek. Department of Microbiology at the University of 
Toronto, and Dr. Leppard, Lakes Research Branch. 


Drs. Kushner, Strycek and Leppard have assessed the ability of 
28 different algal species from the University of Toronto Culture 
Collection to produce fibrils and have discovered a few species 
which could be termed "fibril factories”. These species are com- 
monly found in lakes of southern Ontario and include 
Micrasterias radiata, Eremosphaera viridis, Microcystis 
aeruginosa and Xanthidium sp. The combined NWRI/ University 
of Toronto team found that certain algae switch on fibril produc- 
tion when denied nutrients or when the population ages. Environ- 
ment Canada and the Department of Supply and Services 


supported the research. 


Future research will focus on the effect of inducing fibril produc- 
tion on pesticide fate in "limnocorrals” in experimental lakes and 
on the biochemistry of the fibrils themselves. Biotechnology 
possibilities exist for customizing fibril/contaminant interac- 
tions. 

Reference 

Strycek, T.. Acreman, J., Kerry, A., Leppard, G.G., Nermut, M.V., and D.J. 


Kushner. Extracellular fibril production by freshwater algal species. Submitted to 
Microbial Ecology. 


photo by Dr, Gary Leppard 
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HAIR LOSS: An algal cell, seen here through a transmission 
electron microscope, sheds an outer layer of cell wall bearing 
fibrils. The fibrils are produced when nutrients are low and 
lost during periods of rapid growth. 
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Vollenweider 
Lectureship 
in Aquatic Sciences 


photo by Mike Donnelly 


Dr. Desmond E. Walling (right), seen here with Dr. 
Richard Vollenweider, received the 1990 NWRI Vollen- 
weider Lectureship in Aquatic Sciences. 


Dr. Desmond E. Walling, Department 
of Geography, University of Exeter, 
UK, was the recipient of the 1990 
NWRI Vollenweider Lectureship in 
Aquatic Sciences. The title of Dr. 
Walling’s lecture was "The Wearing 
Away of the Land: Global and Local 
Perspectives." Dr. Walling is recog- 
nized internationally for his work on 
land erosion, suspended sediment 
transport and watershed sediment 
yields, and he has been actively in- 
volved in several UNESCO Internation- 
al Hydrological Programme projects. 
He is also the editor of the Journal of 
Hydrological Processes. 


The Vollenweider Lectureship is 
granted annually to an eminent fresh- 
water scientist for his or her global con- 
tribution to the advancement of the 
aquatic sciences. It was established in 
honour of Dr. Richard A. Vollenweider 
on the occasion of his retirement from 
the Public Service of Canada in 1988. 
Dr. Vollenweider is currently emeritus 
senior scientist at NWRI. 


While at the Centre, recipients of the 
Vollenweider Lectureship assist in the 
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assessment of NWRI programs and re- 
search directions by taking time to 
review and discuss projects in their 
areas of expertise. Professor Walling 
took on this task with a great degree of 
enthusiasm, holding extensive discus- 
sions concerning the fine particle and 
non-point source pollution programs. 
His comments have reinforced our con- 
viction that interdisciplinary ap- 
proaches are the most effective. 


Dr. Walling also participated in the 
1990 Canadian Hydrology Symposium 
sponsored for NRC’s Associate Com- 
mittee on Hydrology by Environment 
Canada, the Ontario ministries of 
Natural Resources and Environment, 
and the Canadian Association on Water 
Pollution Research and Control. The 
symposium, entitled "Fluvial Sedi- 
ments: Source, Transfer, Fate and Ef- 
fects", brought together scientists, 
engineers and managers from govern- 
ments, universities and the private sec- 
tor to discuss the wide-ranging roles 
fluvial sediments play in engineering, 
resource management and environmen- 
tal processes. 


Calibration 
lab 
accredited 


The NWRI Calibration Laboratory 
recently became the first govern- 
ment laboratory accredited by the 
Standards Council of Canada to per- 
form certified calibrations of physi- 
cal and electrical instruments. 


The calibrations are traceable to na- 
tional and international standards 
under the Canadian Calibration Net- 
work (CCN), an agency created to 
relieve the National Research Coun- 
cil of calibration work which could 
be performed by other certified 
laboratories. Under CCN, the NWRI 
laboratory is authorized to verify the 
accuracy of instruments measuring 
electricity, humidity, temperature 
and pressure. 


As was the case with the estab- 
lishment of certified analytical 
standards and the interlaboratory 
Analytical Quality Assurance Pro- 
gram, this initiative was first begun 
in order to serve the particular needs 
of the Inland Waters Directorate but 
is also available to other organiza- 
tions on a limited basis. 


Contact: 
Les Peer, Research Support Division 


GLURF 


encourages research partnerships 


The newly created Great Lakes University 
Research Fund (GLURF) recently awarded 
19 grants to universities as part of Canada’s 
Great Lakes Action Plan. The university 
response to the new fund was enthusiastic 
and yielded a wide range of projects which 
covered issues ranging from the fate of 
toxic chemicals to socio-economic con- 
cerns. 


GLUREF is a subvention program estab- 
lished by Environment Canada in conjunc- 
tion with the Natural Sciences and 
Engineering Council (NSERC) to en- 
courage multidisciplinary research, to 
develop research partnerships among the 
universities, government agencies and the 
private sector, and to promote the training 
and development of new scientists. The 
fund will grant up to $1 million per year for 
four years, beginning in 1990/1991. This 


year, two-thirds of the fund was provided 
by Environment Canada and the remainder 
was contributed by NSERC. 


Over 60 proposals from universities across 
Canada were received. The applications 
underwent peer review and final selection 
was made in late February by the National 
Evaluation Committee (NEC). The evalua- 
tion committee was chaired by Dr. Ralph 
Daley, Executive Director of NWRI, and 
made up of equal representation from En- 
vironment Canada and universities. 


Research priorities for the next year of the 
program will be available in the near fu- 
ture. The application deadline will be in 
mid-October for the grants to be awarded 
in 1992; 


Contact: 
Science Liaison Division, NWRI 


GLUREF recipients 


The following applicants received 
GLURF funding for 1990/1991: 


W.T. Dickinson, University of Guelph 
H.C. Duthie, University of Waterloo 
G.D. Haffner, University of Windsor 
K.W.F. Howard, University of Toronto 
R.Knowles, McGill University 


| J. Kramer, McMaster University 


J. Lovett-Doust, University of Windsor 
D. Mackay, University of Toronto 
G.L. Mackie, University of Guelph 
B.E. McCarry, McMaster University 
D.J. McQueen, York University 

C.D. Metcalfe, Trent University 


'R, Peters, McGill University 


J.M. Rosenfeld, McMaster University 
H.P. Schwarcz, McMaster University 

V. Sniekus, University of Waterloo 

M.H. Sproule-Jones, McMaster University 
W.G. Sprules, University of Toronto 

T.H. Whillans, Trent University 


COPING WITH ZEBRA MUSSELS 


from Lake Erie. 


The zebra mussel (Dreissena polymorpha) is quickly becoming 
one of the Great Lake’s biggest environmental and economic 
nightmares, and scientists at NWRI are among those plagued by 


this molluscan menace. 


TINY TERROR: Zebra mussels completely cover the bottom of this dissolved oxygen probe retrieved 


photo by Fernando Rosa 


Colonies of zebra mussels can disable sensitive recording instru- 
ments, posing serious problems for in-lake environmental sensing. 
They also attach to the hulls of research vessels, slowing their 


progress and causing more money to be spent on fuel and less on 
science. Finding simple answers to these difficulties is one of the 
challenges facing the Great Lakes research community. 
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"LEAF" 

aids in trace 
metal 
analysis 


The determination of very low 
levels of trace metals in environmen- 
tal samples continues to be a chal- 
lenge for analytical chemists. High 
sensitivity methods are needed as 
too often results of trace metals 
analyses with existing techniques 
cannot be quantified beyond "less 
than" or "non-detectable" state- 
ments. A newly developed 
spectrophotometer promises to 
greatly enhance the sensitivity of 
trace metal analysis in environmen- 
tal samples. 


Scientists from the Analytical 
Chemistry Project, in collaboration 
with the Ontario Laser and 
Lightwave Research Centre of the 
University of Toronto, have success- 
fully carried out a feasibility study 
on the construction of a laser-excited 
atomic fluorescence (LEAF) 
spectrophotometer. 


The team has built what is believed 
to be the first working LEAF 
spectrophotometer in Canada. A 
preliminary evaluation of the instru- 
ment has produced very promising 
results, with indications of detection 
at the sub-parts per trillion level 
being readily achievable in environ- 
mental samples. This new technol- 
ogy is expected to provide a novel 
and highly sensitive approach for 
trace metal analysis in environmen- 
tal samples. 


The study team is continuing work in 
this area, with plans to have a work- 
ing prototype of ie 
spectrophotometer in the near fu- 
ture. 


Reference 

Cheam, V., Sekerka, I., and R. Desrosiers. 
1990. Laser-excited atomic fluorescence 
spectrophotometry: a feasibility study on con- 
structing a spectrophotometer. NWRI Con- 
tribution 90-128. 
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Improving water quality 
in prairie dugouts 


A SQUIRT OF LIME: A graduate student from the University of Alberta uses a newly 


photo provided by Dr. Tom Murphy 


developed slurry maker to spray lime on a dugout congested with algae. 


Thousands of farmers throughout the 
Canadian prairies rely on dugouts for their 
domestic and agricultural water supplies. 
But a constant battle is waged in these stag- 
nant ponds against algal growth which 
clogs filters, causes taste and odour 
problems and can kill livestock. Copper 
sulfate is commonly used to kill the algae 
but the treatment must be repeated every 
few weeks, leaves a residual taste and is 
toxic to sheep. A collaborative research 
project between Dr. Tom Murphy of the 
Lakes Research Branch and the University 
of Alberta indicates that lime is a preferable 
alternative to copper sulfate. 


In a study using four hardwater dugouts in 
northwestern Alberta, lime precipitated 
over 90 per cent of the algae and the treated 
dugouts remained clear for two years. 
Farmers reported that the taste of the water 
also improved. In addition to this, lime has 
a very low toxicity compared to copper 
sulfate, making it a safer water supply for 
livestock. 


Historically, lime was used to combat 
algae, but the procedure for applying it was 
so inefficient that applying a much smaller 
amount of copper sulfate was preferred. 
But a newly developed slurry maker makes 
lime application easier and more effective. 
Dr. Murphy and his co-workers also 
developed procedures for applying lime 
without professional help which are now 
being used by many farmers. Both the slur- 
ry maker and the procedures are outlined in 
a recently produced manual. The study was 
funded by the Department of Supply and 
Services, Environment Canada and the Al- 
berta Ministry of Agriculture. 


Reference 

Prepas, E.E., Murphy, T.P., Babin, J.M. and J.T. 
Lim. Farm Water Dugouts: A Manual on the Use of 
Lime to Provide Good Water Quality, NWRI Con- 
tribution 90-16. 


SWADE 
completes 
field phase 


The field work portion of the Sur- 
face Wave Dynamics Experiment 
- (SWADE), an international study 
involving the participation of NWRI 
scientists, was completed off the At- 
lantic coast in Virginia, U.S. The 
experimental period extended from 
Oct. 1, 1990 to March 31, 1991. The 
information gathered in this experi- 
ment will contribute toward a better 
understanding of fundamental 
physical processes occurring at the 
ocean-atmosphere interface. 


After completing some of this work 
last fall, the team of scientists and 
support initiated the most con- 
centrated portion of this field work 
in January 1991. Different sets of 
parameters were recorded during 
the experiments through an 
elaborate data capture network com- 
prising buoys of various types 
deployed in the experimental area as 
well as several airborne systems. 


Dr. Mark Donelan of the Hydraulics 
Project served as the chief scientist 
in this study. The main source of 
funding has come from the U.S. Of- 
fice of Naval Research, the U.S. Na- 
tional Aeronautics and Space 
Administration (NASA) and En- 
vironment Canada. 


CANADIAN 
lake status reviewed 


NWRI contributed two 
"State of the Lakes" reports 
to the fourth biennial con- 
ference on "The conserva- 
tion and management of 
lakes", held in China. The 
conference was organized 
by the Chinese Research 
Academy of Environmental 
Sciences and the Interna- 
tional Lake Environmental 
Committee (ILEC). 


Dr. Rod Allan, director, 
Lakes Research Branch, 
provided an overview of 
contaminant trends in the 
Great Lakes. He noted that 
concentrations of metals 
and persistent — or- 
ganochlorine compounds 
in both sediments and water 
have been declining for at 
least ten years. Dr. Allan 
concluded this was the 
result of point source pollu- 
tion controls and that a fur- 
ther decline will be realized 


when controls on non-point 
sources, like those from 
urban areas and the atmos- 
phere, are devised and im- 
plemented. 


Colin Gray, Lakes Re- 
search Branch, summarized 
limnological  charac- 
teristics of 42 lakes in seven 
Canadian lake regions. 
The limnology of pristine 
lakes and those affected by 
eutrophication, acidifica- 
tion, contamination and/or 
siltation were compared in 
each region. 


The Canadian lake survey 
was based on an ILEC 
questionnaire and under- 
taken in collaboration with 
Brock University. It high- 
lighted a significant portion 
of the limnological re- 
search and monitoring un- 
dertaken by government 
agencies and universities 
over the last 20 years. 


References 

Allan, R.J. 1991. Toxic con- 
taminants in waters and sediments 
of the Great Lakes. NWRI Con- 
tribution 91-19. 


Gray, C.B., Dickman, M., 
Krushelnicki, B. and V. Cromie. 
1991. A survey of Canadian Lakes. 
NWRI Contribution 91-18. 


RAISON adapted for global water programme 


RAISON (Regional Analysis by Intel- 
ligent Systems ON a microcomputer) is 


now adapted for use in a global water 
quality monitoring programme 


(GEMS/WATER). The RAISON 
software, designed at NWRI for water 
resources management, is used for data 


integration, management, analysis, 


Andy Fraser 


implemented the 


modelling, and display. The 
RAISON/GEMS package produces 
summaries, statistical interpretation and 
synthesis of the extensive 
GEMS/WATER data holdings. 


RAISON/GEMS software at the head- 
quarters of the United Nations Environ- 
ment Programme in Nairobi, Kenya, and 
the World Health Organization in 
Geneva, Switzerland. 


Staff News 


Dr. Ralph Daley assumes his new posi- 
tion as executive director of NWRI. 


ABOUT NWRI 


Environment Canada’s National Water 
Research Institute conducts a national 
program of research and development 
in the aquatic sciences, in partnership 
with the national and international 
freshwater science community. The 
twin goals of the Institute are to advance 
scientific understanding of aquatic 
ecosystems, and to develop authorita- 
tive expertise for Environment Canada 
to develop and implement policies 
promoting the wise management of 
water resources in Canada and in other 
countries. 


Research at NWRI is conducted within 
multidisciplinary project teams, each 
focussing on a priority issue. Current 
research priorities include: the fate and 
effects of toxic chemicals in the Great 
Lakes and the St. Lawrence River; 
groundwater contamination; accumula- 
tive effluent impacts in rivers; acid rain; 
lake rehabilitation; aquatic effects 
monitoring; ecotoxicology; and risk 
prediction methodologies. 


Think Recycling! 


Pensez a recycler ! 
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Dr. Ralph Daley was appointed Executive 
Director of NWRI, replacing David Egar in 
Aug. 1990. Dr. Daley has been with the 
Department of the Environment since 1974 
when he began research with NWRI’s 
Pacific and Yukon Detachment on algal 
and bacterial limnology in the fjord lakes 
of British Columbia. He was chief of the 
Science Liaison Division at NWRI before 
his appointment. His first concern in his 
new position will be preparing the institute 
for its role in the Green Plan. 


Dr. Michael Zarull has joined NWRI as 
the Great Lakes officer responsible for the 
co-ordination of NWRI’s research funded 
by the Great Lakes Action Plan. Mike 
comes to NWRI from the Great Lakes Of- 
fice of the International Joint Commission 
and has a special interest in contaminated 
sediment remediation. 


NWRI Digest 


The NWRI Digest is the public newslet- 
tér of the National Water Research In- 
stitute. Suggestions, comments and 
further enquiries concerning newsletter 
items are welcomed. Please write to: 


Editor, NWRI Digest 
National Water Research Institute 
P.O. Box 5050 
Burlington, Ontario 
Canada 
L7R 4A6 


Editor 
C. Gray 


Editorial Assistant 
V. Peck 


Editorial Team 
R. Bisson 

H. Vaughan 

M. Zarull 

M. Allard 

J. Cooley 


Production Coordinator 
S. Ponton 


Aussi disponible en frangais. 


ISSN 0836-0979 


Dr. Togwell Jackson recently became a 
member of the Sediment-Water Interac- 
tions Project, Lakes Research Branch. He 
gained recognition for his work on the 
biogeochemistry of mercury during the 
English-Wabigoon River pollution studies 
of the 1970s. Before joining NWRI, he 
conducted research at the National Hydrol- 
ogy Research Institute in Saskatoon. 


Dr. Richard Thomas, senior scientist, 
Rivers Research Branch, has retired from 
NWRI after a long career with Environ- 
ment Canada, Fisheries and Oceans, and 
the International Joint Commission. He 
remains active in the scientific community 
as director of the Great Lakes Institute at 
the University of Windsor and as an 
emeritus scientist to NWRI. 


Environment 
Week 


June 2 -8 


Mark your calendars for Environ- 
ment Week 1991! This year, in co- 
operation with the Burlington 
Cultural Centre, NWRI will present 
"Reading the Waters". The 
montage will explore the parallels 
between science and art using the 
environmental decline and hopeful 
future of the Hamilton Harbour as 
the common subject matter. Several 
NWRI scientists and local artists 
will lend their creative talents to the 
display. 


The montage will be open May 26 to 
June 27 at the Burlington Cultural 
Centre. For more information, con- 
tact Farrell Boyce, Lakes Research 
Branch, at (416) 336-4921. 
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:\Toxic Chemicals in the Great 
ay Lakes and Associated Effects 
effec of What does it all mean? 


acid rain 


he presence of persistent the GLWQA objectives are exceeded 
toxic chemicals in the Great on occasion in nearshore areas, in 
Lakes, and in particular some of the channels connecting 
Bde their effect on the environ- the lakes, and in the most heavily 
Supercritical ment and human health, poses a polluted areas which are defined as 
fl series of questions for scientists Areas of Concern by the Interna- 
A and the public alike. The answers tional Joint Commission. 
aes ee to many of these lie in the recently 
released report entitled Toxic ° : : 
Chemicals in the Great Lakes and Toxic Chemicals in 
Associated Effects. This document the Great Lakes and 
summarizes the current state of p 
scientific knowledge on the levels of Associated Effects 
toxic chemicals in the Great Lakes 
Sizin g and their effects on fish, wildlife and Chapter One also discusses con- 
human health. taminants which have built up in 
Dr. Rod Allan, Director, Lakes Re- ie SL ee poe See 
ca e search Branch, and Alison Ball, Shaye Sete ee ee aa 
Nedand wrote Chavter Onc or centrations of contaminants than 
filtration sca teg eciae the overlying water. 
a the technical report which discus- 
ses the levels and trends of toxic Sediment core profiles reveal an 
chemicals in the water and sedi- historic account of the contamina- 
ments. The conclusions drawn from tion. They show that the peak in- 
this chapter are encouraging. puts of heavy metals and synthetic 
einen nennacesen cone organic chemicals to the lake sedi- 
Coal tar P Pp ments occurred in the 1960s and 


centrations of toxic contaminants 
in the open waters of the Great 
Lakes are within objectives defined 
by the Canada/U.S. Great Lakes : 
Harbour Water Quality Agreement, 1978 se Oa Ie ene pe Hs . aoe 
(GLWQA). These objectives are set ae DO ie ee eae 
to protect the most sensitive user es 


1970s, followed by declines in the 
1980s. The concentrations of toxic 
substances in the sediments 


Ha on 


ener Qer EQ = & 


(usually aquatic life) and are well The substantial decline from the 
below Canadian and international 1970s reflects increased regulation 
drinking water standards. Some of of the use of organochlorine pes- 
Environnement Environment 
Canada Canada DIGEST | 


ticides and _ polychlorinated 
biphenyls (PCBs). The slower im- 
provement in water and sediment 
quality since the early 1980s is in 
part due to the continued input of 
toxic substances into the Great 
Lakes from the atmosphere and 
other non-point sources like 
groundwater. Many of the IJC- 
designated critical pollutants, such 
as PCBs, mercury and cadmium, 
enter the Great Lakes through rain- 
fall. 


Previously contaminated sedi- 
ments are another source of toxic 
chemicals. When these sediments 
are disturbed, the chemicals as- 
sociated with them may be recycled 
back into the water column. 


Health Concerns 


Toxic Chemicals in the Great Lakes 
and Associated Effects was written 
jointly by three federal depart- 
ments. While Environment Canada 
contributed information on water 
and sediment quality, Health and 
Welfare Canada, and the Depart- 
ment of Fisheries and Oceans ex- 
amined health concerns for 
humans and fish. As with water 
and sediments, the levels of con- 
taminants in fish and aquatic birds 
decreased substantially from those 
reported in the 1970s but have 
remained relatively constant since 
the early 1980s. 


Some fish, reptiles and mammals 
have exhibited reproductive and 
developmental problems and still 
have relatively high levels of con- 
taminants. However, most pre- 
viously affected bird species are 
reported to have shown recovery, 
and the remaining problems are 


confined to a few highly con- 
taminated areas. 


The ‘report concludes. “that 
Canadians living in the Great Lakes 
Basin do not have higher con- 
taminant levels in their tissues 
than people in other parts of North 
America. It cautions that people 
who consume large quantities of 
contaminated fish or wildlife 
should reduce their intake in ac- 
cordance with current advisories. 


The peak inputs of 
heavy metals and 
synthetic organic 

chemicals to the lake 
sediments occurred in 
the 1960s and 1970s, 
followed by declines in 
the 1980s 


Although elevated levels of toxic 
contaminants in the Great Lakes 
Basin do pose a threat to human 
health, the nature and extent of 
this remains unclear. Infants of 
nursing mothers can be exposed to 
greater than average amounts of 
contaminants from their mother’s 
milk. Breast milk is relatively high 
in fat and consequently can contain 
fat-soluble organochlorine chemi- 
cals. 


Where to get 


more information 


Toxic Chemicals in the Great Lakes 
and Associated Effects is available 
in many forms. Technical Volumes 
I and II represent a compendium of 


research findings aimed at a scien- 
tific audience. A Synopsis of these 
reports summarizes the informa- 
tion for a general audience. Copies 
of the report are available by writing 
to Environment Canada, Com- 
munications Directorate, Ontario 
Region, 25 St. Clair Avenue East, 
6th floor, Toronto, Ontario, M4T 
1M2. 


Chapter One of the technical report 
has recently been published as a 
special issue of the Water Pollution 
Research Journal of Canada and 
can be obtained from the Canadian 
Association on Water Pollution Re- 
search and Control, and the Na- 
tional Water Research Institute 


The extensive bibliography con- 
tained in the issue can also be ob- 
tained on floppy disk for use on a 
microcomputer. This software al- 
lows searches to be conducted in 
natural language, fields such as 
title, abstract and index terms. 
Desired key words can be combined 
using AND, OR, and NOT. 


Contact 
Dr. Rod Allan 


References 

Allan, R.J. and A.J. Ball. 1990. An Over- 
view of Toxic contaminants in Water and 
Sediments of the Great Lakes. Water Pol- 
lution Research Journal of Canada. 
25(4):387-505. 


Environment Canada, Department of 
Fisheries and Oceans, and Health and 
Welfare Canada. 1991. Toxic Chemicals in 
the Great Lakes and Associated Effects, 
Volume 1: Contaminant Levels and 
Trends. 488p., Volume 2: Effects. 755p., 
Synopsis. 51p. 
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RESEARCH NEWS 


RAISON 


predicts effects 


of acid rain 


rop by drop, acid rain eats 
away at our buildings, 
destroys our forests and en- 


dangers aquatic life in our lakes 
and streams. The RAISON (Regional 
Analysis by Intelligent Systems ON 
a microcomputer) expert system 
has joined the fight against acid 
rain. The expert system was used to 
predict the effects of acid rain con- 
trol measures on lakes in eastern 
Canada. This information forged 
the backbone of the Aquatic Effects 
section of the 1990 National Long- 
Range Transport of Air Pollutants 
(LRTAP) and Acid Deposition As- 
sessment Report. 


RAISON simulations 
provided critical 
information for the 
Canadian team 
negotiating with the 
U.S. for reductions in 
sulphur dioxide 
emissions 


Acid rain is caused mainly by in- 
dustrial emissions of sulphur 
dioxide and nitrogen oxides. The 
RAISON system was used to predict 
the effect of different sulphate load- 
ings on lakes in each of 22 sub- 
regions of eastern Canada. Each 
subregion consists of lakes with 
similar geochemical properties and 
sulphate deposition patterns. 


Experts refer to the concept of "criti- 


cal loads" to denote the highest 


amount of wet sulphate a particular 
lake can withstand without suffer- 


ing long-term harmful effects on the - 


STOP 


ACID 
RAIN 


Canada 


ecosystem. In this case, the critical 
load was defined as the maximum 
amount of wet sulphate that would 
not force the acidic level of a lake to 
fall below a pH of 6.0. 


The RAISON system brought 
together vast amounts of informa- 
tion on soil, air and water charac- 
teristics to predict the percentage of 
lakes in each subregion that would 
exceed their critical loads, given a 
specific annual deposition of wet 
sulphate. This does not include 
lakes that are already acidic due to 
natural processes. 


Environmental managers can use 
this information to target desired 
reductions in sulphate deposition. 
RAISON simulations provided criti- 
cal information for the Canadian 
team negotiating with the U.S. for 
reductions in sulphur dioxide emis- 
sions. These talks led to the signing 
of the Canada/U.S. Air Quality 
Agreement earlier this year. 


The simulations do not take into 
account the contribution of 
nitrogen oxides to the acidification 
of lakes because there is a lack of 
reliable data regarding their fate 
and effects in the environment. Fu- 
ture models will focus on quantify- 
ing and predicting the impact of this 
factor in aquatic ecosystems. 


Contact 
Dr. David Lam 


Reference 

Federal /Provincial Research and Monitor- 
ing Coordinating Committee (RMCC). 
1990. The 1990 Canadian Long-Range 
Transport of Air Pollutants and Acid 
Deposition Assessment Report., Part 4: 
Aquatic Effects 


Evaluating 
benthic 
invertebrate 
indices 


ndices of benthic invertebrate 

community structure are widely 

used to assess the impact of 
municipal and industrial ("point- 
source") effluents on stream and 
river ecosystems. However, surpris- 
ingly little information is available 
on the response of aquatic inver- 
tebrate communities to pollution 
from non-point sources like agricul- 
ture. Janice Metcalfe-Smith, Rivers 
Research Branch, and Dr. David 
Barton, compared several benthic 
invertebrate indices in terms of 
their ability to assess agricultural 
and municipal pollution in 
Quebec’s Yamaska River and its 
tributaries. 


The study revealed that most ben- 
thic indices currently used to as- 
sess the impact of sewage on 
aquatic systems were generally in- 
adequate to describe the impact of 
agricultural pollution. Only two of 
the seven indices performed consis- 
tently well, while the rest lacked 
either sensitivity or reliability. But 
more importantly, the reliable 
results from the study indicated 
that the impact of agricultural prac- 
tices on the river ecosystem was.as 
severe as the effects of municipal 
and industrial discharges. 


Contact 
Janice Metcalfe-Smith 


Reference . 

Barton, D.R. and J.L. Metcalfe-Smith. 
1991. A comparison of sampling techni- 
ques and summary indices for assessment 
of water quality in the Yamaska River, 
Quebec, based on benthic macroinver- 
tebrates. Environmental Monitoring and 
Assessment (in press). 
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Sizing up cascade filtration 


uspended sediment particles have long been 

recognized as important vectors for transporting 

contaminants in aquatic systems. Recently it has 
been demonstrated that the smaller and organic-rich 
fractions are the most important in the transport and 
ultimate fate of toxics. These fractions include relatively 
unstable and reactive flocculent and colloidal "par- 
ticles". 


The size of such particles is controlled by the amount 
of contaminants, organics and bacteria associated with 
them. In order to study these particulate fractions, it is 
necessary to sub-divide the total suspended sediment 
according to size. Research by a team of NWRI scientists 
has revealed that the traditional particle size fractiona- 
tion technique doesn’t "size up". 


Dr. Bommanna Krishnappan, Dr. Ed Ongley, Dr. Salem 
Rao and Ian Droppo, Rivers Research Branch, tested 
the effectiveness of the traditional cascade filtration 
method for the separation of silt and clay size particles. 
This technique consists of passing a sediment/water 
mixture through a series of filters arranged in a des- 
cending order of filter pore size. 


When results from this method were compared with 
data obtained from a non-intrusive laser particle size 
analyzer, the traditional cascade filtration technique 
was found to be inadequate for separating organic 
particles. Clogged filters and variability in filter pore 
sizes are causes for the overly wide spectrum of particle 
sizes retained in’each fraction. Moreover, the physical 
stress of passing the samples over several filters dis- 
rupts many large particle aggregates, fragile colloids 
and flocculents. 


Alternate methods for size fractionation of suspended 
particles are now being investigated by Dr. Rao and his 
associates. One promising technique is based on a 
flume system whereby water samples flow over the 
filters rather than being poured on them. This disturbs 
the particles to a lesser degree and allows them to be 
studied in a condition closer to their natural state. 


Contact 

Dr. Bommanna Krishnappan 

Reference 

Krishnappan, B.G., Droppo, I.G., Rao, S.S., and E.D. Ongley. 
1991. Testing of a filter fractionation technique using Malvern 


particle size analyzer. NWRI Contribution 90-157. 


Supercritical fluid extraction 
A new tool for environmental scientists 


rom coffee decaffeination to 

quality control in the phar- 

maceutical industry, super- 
critical fluid extraction (SFE) is 
making its mark as a preferable 
alternative to traditional extrac- 
tion methods using organic sol- 
vents. Dr. Francis I. Onuska, 
Research and Applications 
Branch, along with scientists from 
Dearborn Chemicals Inc., is work- 
ing on ways to exploit the ad- 
vantages of this rapidly developing 
technology for use in environmen- 
tal chemistry. SFE promises to 
make the extraction of toxic or- 
ganic pollutants from difficult en- 
vironmental samples faster, safer 
and more efficient. 


A supercritical fluid is a dense gas 
that has been heated beyond its 
critical temperature. Beyond this 
temperature the fluid can no 
longer be liquified by pressure. 
The density of a supercritical fluid 
approaches that of a liquid, making 


it a potent solvent. But since it is © 


less viscous than a liquid, it can 
diffuse more readily. 
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Some compounds, such as carbon 
dioxide and nitrous oxide, have 
very low critical temperatures and 
pressures which can easily be 
maintained using commercially 
available laboratory equipment. 
This makes them ideal candidates 
for extracting volatile organic pol- 
lutants, such as polynuclear 
aromatic hydrocarbons (PAHs) 
and polychlorinated biphenyls 
(PCBs) from even demanding en- 
vironmental samples. 


Fly ash from municipal in- 
cinerators is a significant source 
of entry of polychlorinated diben- 
zo-p-dioxins (PCDDs) into the en- 
vironment and is perhaps the 
most difficult extraction matrix. 
The ash is formed during the com- 
bustion of garbage and consists of 
99 per cent inorganic matter. 
PCDDs are usually recovered from 
fly ash by solvent extraction in a 
Soxhlet apparatus, followed by 
lengthy cleanup and concentra- 
tion steps. The whole process can 
take anywhere from six to 24 


hours. It also requires large 
amounts of some toxic solvents 
like methylene chloride. 


Dr. Onuska has developed a pro- 
cedure that reduces the extraction 
time to 2.5 hours per sample by 
using supercritical nitrous oxide 


, and its mixtures with methanol or 


toluene. The process recovers a 
larger fraction of the pollutant and 
a smaller amount of solvent is 
necessary, reducing the risk of ex- 
posure for laboratory personnel. 
Moreover, pure nitrous oxide is 
relatively inert, eliminating con- 
tamination of the extract by sol- 
vent residue. . 


Supercritical fluid extraction can 
also be tailored to maximize ex- 
traction of target compounds. The 
density of a supercritical fluid is 
directly related to its power as a 
solvent. So- by altering the 
temperature and pressure, the 
density of the fluid can be ad- 
justed to exclude unwanted 


See SFE pg 6 


Coal tar in Hamilton Harbour 


lack ribbons of coal tar con- 

taminated sediments extend 

out into Hamilton Harbour, 
originating from an area near 
Randle Reef. This is one finding of 
a recently completed study which 
maps the distribution of coal tar in 
the harbour. 


Dr. Tom Murphy and a team of 
scientists from the Lakes Research 
Branch analyzed data from 81 sedi- 
ment cores collected from sites in 
Hamilton harbour. While the coal 
tar contamination did vary with 
location, there was one area of ex- 
tremely high concentration ad- 
jacent to the southwest Stelco 
outfall and the MHamilton- 
Wentworth combined sewer outfall. 
The sediments around this region 
are jet black and shiny. 


Coal tar contamination is of con- 
cern because of its high content of 
polynuclear aromatic hydrocar- 
bons (PAHs), a class of compounds 
which include such carcinogenic 
and toxic chemicals as benzo (a) 
pyrene. The sediment core study 
revealed that approximately 70,000 
m° of bottom sediments between 
Randle Reef and the Stelco outfall 


contain total PAHs at concentra- 
tions greater than 200 ug/g. In 
three bioassays conducted using 
harbour sediments, 50 per cent of 
test organisms were found to die at 
total PAH levels of 200 ug/g. 


The sediments around 
this region are jet 
black and shiny 


The sublethal effects of PAHs can 
also be an environmental hazard. 
These compounds have been 
reported to trigger cancer in wildlife 
at concentrations below that of 
acute toxicity. Moreover, the coal 
tar hotspot near Randle Reef lies in 
shallow water where barges and 
boats resuspend the sediments, 
providing a source of recontamina- 
tion for the harbour. 


The highest concentrations of coal 
tar were found in deeper layers of 
the sediments, indicating historic 
origins which have diminished in 
recent times. The high naphthalene 
content of the coal tar suggests that 
a possible historic source is the 


process water from coke ovens used 
in the steel industry. It remains 
uncertain how much of the coal tar 
could have originated from the 
sewer outfall. 


The report recommends dredging 
the most heavily contaminated 
sediments (those above 200 ug/g). 
In fact, pilot scale treatments of the 
contaminated sediments have al- 
ready begun. It is necessary that 
these and other carcinogenic sub- 
stances be dealt with before the 
Remedial Action Plan goal of a 
healthy fishery can be realized. 


Although the study was under- 
taken by the Lakes Research 
Branch, it was initiated through 
financial assistance from Stelco 
and funded in part by the Cleanup 
Fund of Environment Canada’s 
Great Lakes Action Plan. 


Contact 
Dr. Tom Murphy 


Reference 
Murphy, T.P., Brouwer, H., Fox, M.E., 
Nagy, E., McArdle, L. and A. Moller. 1991. 
Coal tar contamination near Randle’s 
Reef, Hamilton Harbour. NWRI Contribu- 
tion 90-17. 
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DNAPLs pose challenges for groundwater clean up 


he groundwater in the 

vicinity of the Special Waste 

Compound at the Gloucester 
Landfill site near Ottawa is con- 
taminated by hazardous wastes; 
principally organic solvents. A 
recently published Inland Waters 
Directorate Scientific Series report 
describes a hydrogeological inves- 
tigation of the contamination, un- 
dertaken by scientists from the 
Rivers Research Branch. The report 
focusses on remedial alternatives 
and concludes that the presence of 
nonaqueous phase liquids (NAPLs) 
will require cleanup measures 
beyond traditional pump and treat 
methods. 


NAPLs come in two types: light 
nonaqueous’ phase _ liquids 
(LNAPLs) that float at the top of the 
aquifer (e.g. gasoline), and dense 
liquids (DNAPLs) which sink to the 
bottom. Of the contaminants found 
in the Gloucester aquifer, it is the 
DNAPLs such as trichloroethene 
(TCE) and tetrachloroethene (PCE) 
that are of primary significance. 


DNAPLs like TCE can be present in 
three forms in the ground-water. 
Imagine pouring a cupful of water 
onto a sponge which is resting ona 
table. Some of the water will work 
its way through the sponge and 
form a puddle at the base, while the 
rest of it remains trapped in the 
pores. In the same way, DNAPLs 
can form pools at the bottom of an 
aquifer or adhere to soil particles to 
form "ganglia". 


Landfill site. 


SIIGESL 


Steve Shikaze, a former student employee at NWRI, 
obtains groundwater for analysis of organic chemicals 
using a multilevel sampler located on the Gloucester 


DNAPLs and LNAPLs can also dis- 
solve in the groundwater. This dis- 
solved state is the reason aquifers 
contaminated by DNAPLs can 
never be fully restored by merely 
pumping and treating the water. 
DNAPLs typically have very low 
solubilities and dissolution rates in 
water: a pool of the liquid may take 
hundreds of years to totally dis- 
solve. Even if an aquifer is pumped 
and treated until it appears that the 
groundwater is essentially free of 
contaminants, the DNAPLs from 
the ganglia or pools will redissolve 
and recontaminate Eve 
groundwater after the pumping 
stops. 


The presence of DNAPLs has been 
blamed for the failure of the U.S. 
Superfund program to treat haz- 
ardous waste sites. The program 
has recently received a great deal of 
criticism for its reliance on pump 
and treat methods. 


NWRI scientists detected the dis- 
solved phase of many DNAPLs in 
the Gloucester aquifer. Although 
DNAPLs are unlikely to exist as 
pools in this particular aquifer, 
they are probably present as 
ganglia. To further complicate mat- 
ters, aside from site excavation of 
shallow DNAPLs, there is no other 
proven method for efficiently 
removing DNAPLs from aquifers. 


The sequence, of remediation 
recommended in the report is as 
follows: (1) excavate the shallow till 
contaminated by ganglia, (2) pump 
and treat to remove the dis- 
solved DNAPLs and (3) util- 
ize in situ biorestoration 
after pump and treat 
methods have removed the 
majority of contaminants. 


v 
pee 8 In situ biorestoration is a 

2 "natural" process whereby 

S microorganisms existing in 
the aquifer break down the 
contaminants for use as a 
food source. Scientists and 
engineers can boost this 
process . by injecting 
nutrients. and oxygen into 
the aquifer to stimulate 
microbial growth. If this 
method works, it may offer 
a cost-effective alternative 
to continuously pumping 


photo by Dr. 


and treating the groundwater, 
provided the concentrations have 
already been reduced as much as 
possible by treating the water. 


The ten-year NWRI study was 
funded by Transport Canada and 
Environment Canada. It represents 
one of the first and most detailed 
studies on how to effectively inves- 
tigate a contaminated site. 


Contact 
Kent Novakowski 


Reference 

Jackson, R.E., Lesage, S., Priddle, M.W., 
Crowe, A.S., and S. Shikaze.1991. Con- 
taminant hydrogeology of toxic organic 
chemicals at disposal site, Gloucester, 
Ontario. Part 2. Remedial Investigation. 
Inland Waters Directorate Scientific 
Series 181, Inland Waters Directorate, Ot- 
tawa, Ontario, 68 pp. 


SFE cont'd 


pounds and increase recovery of the 
desired pollutant. 


Another advantage of SFE is the 
ability to couple it with organic 
analysis. Dr. Onuska has linked 
SFE with high resolution gas 
chromatography. The automated 
technique minimizes the amount of 
extract lost through handling and 
provides quantitative data with an 
improved precision at a fraction of 
the analysis time per sample. One 
disadvantage is that the cost of SFE 
equipment is still relatively high, 
inhibiting its use as a routine 
method in environmental analysis. 


The future of SFE is bright and 
holds great promise in the field of 
environmental chemistry. Dr. 
Onuska reviewed recent advances 
in SFE at the 13th International 
Symposium on Capillary 
Chromatography, held during May 
in Riva del Garda, Italy. 


Contact 

Dr. Francis Onuska 

References 

Onuska, F.I. and K.A. Terry. 1991. Super- 
critical fluid extraction of polychlorinated 
dibenzo-p-dioxins from municipal in- 
cinerator fly ash. NWRI Contribution 91- 
104. 

Onuska, F.I. and K.A. Terry. 1989. Super- 
critical fluid extraction of PCBs in tandem 
with high resolution gas chromatography 
in environmental analysis. J. High Resolut. 
Chromatogr. 12: 527-531. [also: NWRI 
Contribution 89-124] 


IAGLR Mott Fellowship Award Achieving excellence 


Each year. the Mott Foundation awards fellowships to two M.Sc. students 
and one Ph.D. student from both Canada and the U.S. through the 
International Association for Great Lakes Research (IAGLR). The awards are 
directed to students undertaking research dealing with environmental 
problems of the Great Lakes. The recipients for this year’s Canadian M.Sc. 
awards are Todd Williams (left) and Mark Hewitt (right), both graduate 
students under the co-supervision of Dr. George Dixon at the University of 
Waterloo and Dr. John Carey at NWRI. Both students are conducting 
research related to the impact of pulp mill discharges on aquatic receiving 


environments. 


Techniques for sampling 
aquatic sediments 


Alena Mudroch, Lakes Research 
Branch, recently prepared a 
handbook on techniques for 
aquatic sediments sampling. The 
handbeok describes sampling 
techniques for bottom sediments, 
suspended sediments and sedi- 
ment pore water. It also identifies 
procedures for handling 
recovered samples prior to 
physico-chemical analyses and 
other tests. The monograph 


provides an up to date "how-to" 
text for professionals interested in 
defining the physical and chemi- 
cal characteristics of aquatic sedi- 
ments and their effects on aquatic 
ecosystems. 


Reference 

Mudroch, A. and S.D. MacKnight, eds. 
1991. Handbook of Techniques for 
Aquatic Sediment Sampling. Boca Raton, 
FA: CRC Press Inc., 210p. 
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The Departmental Citation of Excel- 
lence was awarded to Dr. Jim 
Maguire and Richard Tkacz (post- 
humously), Rivers Research 
Branch, for their research on 
tributyltin, an extremely toxic an- 
tifouling pesticide used on boats, 
ships and docks. This work led to 
the regulation of tributyltin in 
Canada. 


Catching the wave 


Waves are an important factor in 
shore erosion and must be con- 
sidered in the design of coastal 
structures like marinas and break- 
waters. Dr. Michael Skafel and 
Craig Bishop, Research and Ap- 
plications Branch, used measured 
data from the Great Lakes and Gulf 
of St. Lawrence to test the abilities 
of several existing models to predict 
wave dimensions and direction. 
They found acceptable results for 
wave height and period, but noticed 
that predictions for wave direction 
were not always reliable. Further 
evaluation of these models con- 
tinues. 


Reference 

Skafel, M.G. and C.T. Bishop. 1991. Com- 
parison of wave climate models. NWRI 
Contribution 91-101. 
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vironmental impact of 
ached kraft mill effluents 


Drawing the 
line.. nthic 
inve ates 


contaminated 
sediments 


Measuring 


communities 


tudying the myriad en- 
vironmental effects of pulp 
mill effluents is like open- 
ing a Pandora’s box. The 
several hundred compounds al- 
ready identified in pulp mill effluent 
comprise only a small fraction of 
the total amount of organic 
material discharged. To complicate 
the problem, the individual 
toxicities of many of these com- 
pounds remains unknown. 


Concern over the health of fish in 
receiving waters, combined with 
proposals for several large pulp mill 
operations in Alberta, has pushed 
the environmental effects of pulp 
mills to the forefront of national 
interest and the federal legislative 
agenda. 


The Canadian Environmental 
Protection Act (CEPA) recognizes ef- 
fluents from pulp mills using 
bleaching as substances requiring 
formal assessment and possible 
regulatory control under its Priority 
Substance List published in 1987. 
Dr. John Carey, Director of the 
Rivers Research Branch, is a mem- 
ber of the federal panel assessing 
the potential of pulp mill effluents 
to cause environmental harm. The 
assessment report is scheduled for 
release this fall. Research to 
evaluate the environmental impact 
of pulp mill effluents is conducted 
by NWRI scientists to support the 
CEPA. 


Environment Environnement 


Most of NWRI’s research in this 
area is directed at environmental 
pathways of pulp mill-related or- 
ganics, particularly those respon- 
sible for sublethal effects on fish 
populations. Sublethal effects are 
those that negatively impact on an 
organism’s general health or 
reproductive abilities without 
necessarily killing it. 


The interest in sublethal effects 
stems from recent advances in this 
area of study. For instance, the 
ability to measure the presence of 
mixed function oxygenase enzymes 
(MFOs) in fish livers has developed 
over the last decade. These en- 
zymes are induced by the presence 
of specific foreign compounds and 
can be used to indicate exposure of 
fish to these substances. 


One of the first major investigations 
into the sublethal effects of pulp 
mill effluents was the Environ- 
ment/Cellulose project established 
by the Research Council of the 
Swedish National Environment 
Protection Board. The study ex- 
amined the biological effects of 
bleached kraft mill effluents on the 
Gulf of Bothnia aquatic ecosystem, 
with a major emphasis on biologi- 
cally active organic compounds 
such as chlorinated dioxins and 
furans. 


The Swedes noticed various effects 
on aquatic populations in the 
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receiving waters, including reduced 
reproduction and abnormal 
physiology in fish. The presence of 
considerable concentrations of or- 
ganochlorines suggested that these 
compounds may be responsible for 
the observed effects, although no 
cause and effect relationship was 
demonstrated. 


The Swedes attempted to correct 
the problem by controlling the 
amount of adsorbable organic 
halogens (AOX) discharged by the 
pulp mills. AOX is a non-specific 
parameter measuring the total 
amount of organochlorines. This 
ranges from high molecular weight 
chlorinated lignin to lower weight 
lignin degradation products. 
Chlorinated dioxins and furans 
make up less than 10° of the total 
chlorinated organics. In 1988, 
NWRI launched a major research 
program to study the environmen- 
tal impacts of bleached kraft mill 
effluents and to investigate whether 
AOX is a suitable parameter for 
regulating pulp mill effluent im- 
pacts in Canadian receiving waters. 
The project, headed by Dr. Carey, 
has three main objectives: 


1) to determine whether the same 
type of effects the Swedes reported 
would occur in Canada; 


2) to ascertain whether recent 
changes in process and effluent 
treatment in modern Canadian 
mills can effectively eliminate these 
effects; and 


3) to determine if a cause and ef- 
fect relationship exists between 
AOX and the observed effects, thus 
determining whether AOX is an 
useful surrogate parameter for 
regulatory purposes. 


The answer to the first question was 
obtained from a field study in the 
Saint-Maurice River, near La 
Tuque, Quebec, headed by Dr. 
Carey and Dr. Peter Hodson of the 
Institute Maurice Lamontagne in 
Mont-Joli, Quebec. Not only did the 
scientists observe Swedish-style ef- 
fects on white sucker populations, 
they also observed changes in 
steroid hormones that could have 
indicated reproductive failure and 
led to changes in populations. In 
another field study, Dr. Mark Ser- 


% 
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Aspectrum of chemicals 


One of the reasons behind the wide 
array of compounds found in pulp 
mill effluents is the number of 
reactions at each stage in the pulp 
and paper making process, each 
producing their own set of chemi- 
cals. 


Wood, the major raw material in 
pulp mill operations, is composed 
of cellulose, hemicellulose, lignin 
and extractives (those substances 
that can be extracted with organic 
solvents.) Lignin lends rigidity to 
wood and is removed during the 
pulping process to facilitate paper- 
making. 


Today, the majority of mills employ 
what is known as kraft chemical 
pulping. Within digesters, wood 
chips are treated with sodium sul- 
fate and sodium hydroxide under 
elevated temperatures and pres- 
sures, dissolving about 90 to 95 
per cent of the total lignin. This 
process produces an alkaline pulp- 
ing liquor which also contains 
some wood extractives and acids 
resulting from the breakdown of 
celluloses and hemicelluloses. 


A multistage bleaching process is 
used to remove the remaining lig- 
nin to produce the desired pulp 
brightness. Chlorination of 
residual lignin results in the for- 
mation of a vast number of 
chlorinated organic compounds, 
many of which are toxic, can bioac- 
cumulate, and resist degradation. 
Moreover, these compounds react 
with other organic compounds al- 
ready present in the streams, fur- 
ther increasing the array of 
chemicals which can potentially 
cause harm to aquatic ecosystems. 


vos, of the Great Lakes Laboratory 
for Fisheries and Aquatic Sciences, 
and Dr. Carey are jointly examining 
the Spanish River in Espanola, On- 
tario, to determine whether the 
technology used at this modern mill 
can eliminate the observed effects 
in fish. The Espanola mill utilizes 
oxygen delignification, chlorine 
dioxide substitution and secondary 
treatment, and discharges AOX at 


levels below that of other Canadian 
kraft mills. For this reason, it is 
considered to be one of the best 
mills in Canada. 


In spite of the advanced technology 
employed at the mill, the re- 
searchers still found elevated levels 
of liver somatic indices and mixed 
function oxygenase in white sucker 
populations downstream of the 
mill. The low dilution factor in the 
Spanish River may account for 
some of these effects. The results 
suggest, however, that modern 
technologies may not reduce the 
concentrations of harmful com- 
pounds to negligible levels. 


Dr. Carey also heads a study which 
will attempt to ascertain which 
components of pulp mill effluents 
are causing sublethal effects in 
fish. Preliminary results indicate 
that the compounds causing 
elevated levels of MFOs in fish livers 
appear to be low molecular weight, 
water soluble compounds. Since 
AOX is primarily composed of high 
molecular weight material, this 
could mean that AOX may be inap- 
propriate for use as a surrogate 
parameter. 


Drs. Carey and Servos, along with 
their research teams, will sum- 
marize their current research at the 
Aquatic Toxicity Workshop in 
November, in Ottawa, and at the 
12th annual meeting of the Society 
for Environmental Toxicology and 
Chemistry (SETAC) in Seattle. 


Contact 
Dr. John Carey 


References 

Anders Sodergren, ed., 1989. Biological 
Effects of Bleached Pulp Mill Effluents. 
Bratts Tryckeri AB, Jonkoping. 139 pp. 


Hodson, P.V., Dodson, J.J., Couillard, 
M.C., Gagnon, M.M. andJ.C. Carey. 1990. 
Biochemical, physiological, pathological 
and population responses of white sucker 
(Catostomus commersoni) to bleached 
kraft mill effluents in the Saint-Maurice 
River, Quebec. Presented at the 11th an- 
nual meeting of the Society for Environ- 
mental Toxicology and Chemistry, 
Washington, D.C., November 1990. Sub- 
mitted to Environmental Toxicology and 
Chemistry. 
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Drawing the line 


BENTHIC INVERTEBRATES HELP DEFINE CONTAMINATED SEDIMENTS 


ontaminated sediments 

have long been a major con- 

cern in many areas of the 
Great Lakes, but what does "con- 
taminated" mean in a biological 
sense? In the past, this question 
was answered in terms of a series 
of chemical parameters—target 
concentrations of specific pol- 
lutants based on toxicity data. 


Recent years have witnessed a 
gradual realization that chemical 
monitoring alone may not be 
enough to adequately describe the 
complex effects of pollutants on 
aquatic ecosystems. NWRI scien- 
tists recently began a study to 
catagorize the level of contamina- 
tion in sediments of the Great 
Lakes, based on biomonitoring with 
benthic invertebrates. The research 
will support development of biologi- 
cal sediment quality guidelines. 


Dr. Trefor Reynoldson, Lakes Re- 
search Branch, and Dr. Kristin 
Day, Rivers Research Branch, are 
leading a team of scientists 
developing benthic invertebrate in- 
dices for the Great Lakes. Em- 
phasis is placed on the Areas of 
Concern, most of which contain 
sediments contaminated with 
heavy metals, toxic organic chemi- 
cals, or both. 


Benthic organisms are good 
biomonitors for contaminants since 
they spend all or part of their life 
cycle in the sediments. This 
prolonged exposure means that 
any contaminant-associated 
problems will likely be manifested 
in them first. 


The study will look at developing 
reference communities and bioas- 
say responses of benthic inver- 
tebrates. Data will be collected on 
sediment toxicity and benthic in- 


vertebrate community structure at 
numerous uncontaminated sites 
along the Great Lakes. Multivariate 
analyses will be used in conjunc- 
tion with other statistical techni- 
ques to develop indices to describe 
community structure for these un- 
contaminated sites and to develop 
predictive models for determining 
community structure and response 
in toxicity tests. These models will 
be used to predict the ideal com- 
munities at other sites for undis- 
turbed conditions. This can then be 
compared to the existing com- 
munity structure which has 
developed over the years as a result 
of exposure to specific pollutants. 
Biological criteria derived from the 
reference sites can be compared to 
the values at sites where con- 
tamination is suspected to deter- 
mine the need for remediation or 
the suitability of disposal options 
for dredged sediments. 


Over 50 uncontaminated sites 
along the Great Lakes will be 
sampled in the pilot project this fall. 
The scientists will look at reproduc- 
tive or survival data for different 
organisms: Chironomous riparius, 
Hyallela azteca, Hexagenia lim- 
bata, and Tubifex tubifex. All of 
these organisms were chosen be- 
cause of their biological sig- 
nificance in the Great Lakes and 
the existence of well-established 
sampling and assay techniques for 
each. 


At the end of the three-year study, 
Reynoldson hopes to have com- 
prehensive data on these or- 
ganisms from over 250 different 
sites. All the sites are nearshore, 
under 30 meters deep and are com- 
posed of fine sediments. This focus- 
ses the study on areas that are 
accessible to remedial measures. 


However, while biology can tell you 
that there is a problem, it does not 
necessarily tell you what that prob- 
lem is. That is why the study in- 
cludes strong chemical and 
physical components, although the 
final outcome will be a set of biologi- 
cal criteria. The value of chemical 
and physical data is paramount 
when determining causes of con- 
tamination and the appropriate 
remedial technology. This study 
aims to put together the various 
aspects of biology, physics and 
chemistry essential to an ecosys- 
tem-based approach. 


Contact 
Dr. Trefor Reynoldson 


Reference 

Reynoldson, T.B. and K.E. Day. 1991. A 
Study Plan for the Development of Biologi- 
cal Sediment Quality Guidelines (NWRI 
unpublished report available upon re- 
quest). 


A closeup look at Hexagenia limbata, a ben- 
thic invertebrate used to biomonitor con- 
taminated sediments. (Specimen courtesy 
of Donna C. Bedard.) 
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Quality 
assurance in 
biological 
testing 


The basieWprinciples of 
quality assurance (QA) are 
the same for both biological 
and chemical laboratories. 
However, the diverse, less 
standardized nature of 
biological testing requires 
development of unique 
guidelines. To respond to this 
need, Alfred Chau, Research 
and Applications Branch, 
chaired a small group of ex- 
perts who recently produced 
a LepOhia,entitledmg.G 
Guidelines for Biology in 
Aquatic Environmental 
Protection". 


The report provides guidance 
on designing and implement- 
ing QA programs for biologi- 
cal measurement. It 
describes the basic elements 
of an internal Quality As- 
surance/Quality Control 
program, based on the prin- 
ciples of good laboratory 
practice. The report then goes 
on to describe the application 
of these principles in specific 
biological subject areas such 
as aquatic toxicity testing, 
paleolimnology, benthic com- 
munity studies and 
microbiological assessment. 


The document is intended as 
a generic guide and must be 
tailored by individual users 
to meet their specific objec- 
tives. The document will be 
updated periodically as 
knowledge of biological 
quality assurance evolves. 


Contact 
Alfred Chau 


Reference 

Hart., D., 1991. QA Guidelines for 
Biology in Aquatic Environmental 
Protection, NWRI, Burlington, On- 
tario, 123 pp. 
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VOVVVVVVUVUVUVVUV' 
UNDERWATER CLOUDS 


cloud of fine particles, 
called the nepheloid layer, 
oves in suspension above 
the bottom of Lake Ontario. Alena 
Mudroch, Lakes Research Branch, 
recently completed a study charac- 
terizing this phenomenon and 
evaluating its role in the transport 
of contaminants across the lake. 
Her findings indicate that the 
presence of this layer may slow the 
recovery of the lake even after the 
quantity of contaminants entering 
the lake is reduced. 


The nepheloid layer is a region of 
suspended particulate matter 
formed by natural processes. It ap- 
pears in the summer and remains 
until the turnover of the lake in the 
fall. This phenomenon was first 
noted by oceanographers in various 
regions of the world oceans. 


The nepheloid layer in Lake Ontario 
was discovered in the early 1980s 
during reconnaissance of the 
Scourge and the Hamilton, two bat- 
tleships which sank in Lake On- 
tario during the War of 1812. 
Jacques Cousteau’s colleagues 
viewed the two shipwrecks from a 
submersible and commented that 
the water at the bottom of the lake 
looked like "pea soup". This 
prompted scientists to study the 
phenomenon, which was later 
fourd \to” bewa thick layer "of 
suspended particles, consisting 
mainly of silica, calcite, and organic 
matter. 


Results from Mudroch’s most 
recent, study. reveal thatethe 
nepheloid layer in Lake Ontario be- 
comes enriched with various metal 
and organic contaminants. In com- 
parison to bottom sediments, the 
nepheloid layer contains higher 
concentrations of lead, zinc and 
copper. The concentrations of total 
polychlorinated biphenyls (PCBs), 
particularly lower chlorinated 
biphenyls (tetra and penta- 
chlorobiphenyls), were also 
elevated. 


The nepheloid layer begins to form 
in July and grows until it reaches a 
maximum thickness of ap- 
proximately 40 m in September. 
After the autumn turnover, the 
suspended matter becomes mixed 
throughout the water column. The 
dissolution and decomposition of 
particles from the nepheloid layer 
at this time may recycle the con- 
taminants back into the water and 
bottom sediments. 


These natural processes may 
lengthen the time for Lake Ontario 
to respond to the reduction of point 
source loadings of contaminants. 
Future studies will investigate the 
effects of currents in the transport 
of particles in the nepheloid layer. 


Contact 
Alena Mudroch 


Reference 

Mudroch, A. 1991. Geochemical composi- 
tion of the nepheloid layer in Lake Ontario. 
NWRI Contribution 91-23. 
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Servos, M., Carey, J., Ferguson, M., Van 
Der Kraak, G., Ferguson, H., and J. Par- 
rott. 1991. Impact of a modern bleached 
kraft mill on white sucker populations in 
the Spanish River, Ontario, Canada. 
Presented at the 26th Canadian Sym- 
posium on Water Pollution Research, Bur- 
lington, Ontario, February 1991. 
Submitted for publication in Water Pollu- 
tion Research Journal of Canada. 


Williams, T.G., Carey, J.H., Parrot, J.L., 
Burnison, B.K., and D.G. Dixon. 1991. 
The effects of concentrated pulp mill ef- 
fluents on mixed function oxygenase 
(MFO) activity in rainbow trout. Presented 
at the 26th Canadian Symposium on 
Water pollution Research, Burlington, On- 
tario, February 1991. Submitted for pub- 
lication in Water Pollution Research 
Journal of Canada. 


Measuring herbicide 
damage to algal 
communities 


lgae are important components of freshwater ecosystems 

which can be quite sensitive to damage by herbicides due to 

their similarity to the target organisms of these chemicals. 
Dr. Kristin Day. Rivers Research Branch. assessed a method for 
determining the acute short-term effects of low concentrations of 
herbicides on the photosynthetic activity of algae living in freshwater 
streams. 


Dr. Day retrieved algal communities attached to submerged rocks 
in Limestone Creek. southern Ontario, and placed them in a spe- 
cially constructed bankside incubator. The incubator is constructed 
to measure oxygen production under dark and light conditions while 
mimicking the stream environment. This indirect method for deter- 
mining photosynthetic ability is in itself an indication of primary 
production and health of the algal community. 


The communities used in the study consistently displayed a marked 
decrease in oxygen production when subjected to herbicides which 
are known to inhibit photosynthesis and at concentrations found in 
surface runoff from agricultural and forested watersheds. 


The incubator has been widely used in other biological investiga- 
tions, but this study demonstrates its usefulness as a rapid, innova- 
tive. in situ technique for ecotoxicology studies. Furthermore, 


exposing the algal communities to high concentrations of herbicides 
for short periods of time allows for realistic representations of actual 
situations, since aquatic environments are known to receive pulsed 
doses of herbicides from accidental aerial overspray or rainstorm 
runoff. 


Future research will 
focus on determining 
whether this method 
can be modified to 
measure photosyn- 
thetic recovery after 
the algae-covered 
rocks are returned to 
the stream. 


Contact 
Dr. Kristin Day 


Reference 
Day, K.E., 1991. A method 
to determine the short- 
term effects of herbicides 
on primary productivity of 
periphyton in lotic en- 
vironments. Presented at 
the 17th Annual Aquatic 
Toxicity Workshop, Van- 
couver, British Columbia, 
Nov. 5-7, 1990. 

Environmental chambers in a bankside incubator 

containing attached algae. 


Volatilization 


A pathway for pesticides 


When pesticides are sprayed on 
crops or forests, some can inadver- 
tently drift onto local bodies of 
water. Dr. Jim Maguire, Rivers Re- 
search Branch, has looked at the 
role of volatilization in pesticide 
transport from the thin, surface 
layer of the water. 


Dr. Maguire studied the short-term 
fate of two pesticides (fenitrothion 
and deltamethrin) used on 
Canadian forests and/or agricul- 
tural crops. In laboratory tests on 
natural water, Dr. Maguire found 
that at least 70 per cent of the pes- 
ticide landing on the water surface 
quickly volatilized from the surface 
microlayer before it could be 
transported to deeper water. 
Volatilization was much slower 
when the pesticides were injected 
directly into the subsurface. 


These findings suggest that 
volatilization from the surface 
microlayer is the major pathway for 
dissipation of these pesticides from 
natural waters. 


Contact 
Dr. Jim Maguire 


Reference 

Maguire, R.J. 1991. Kinetics of pesticide 
volatilization from the surface of water. 
NWRI Contribution 90-158. (Also accepted 
for publication in the Journal of Agricul- 
tural and Food Chemistry.) 


TOXFATE 3.6 
now available 


TOXFATE is a mathematicai 
model which predicts the fate 
of toxic contaminants in lake 
and river ecosystems, along 
with their concentrations in 


biota. The newest version of 
the program (3.6) runs on 
microcomputers and pro- 
duces a graphic display for 
interactive use. The program 
is available free of charge 
upon request. 


Contact 
Dr. Efraim Halfon 
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VIEWPOINT 


The myth of the Canadian Arctic 


Arctic ecosystem endangered by global pollution 


he headline of a front page 

article in the Los Angeles 

Times, June 18, 1991, reads 
"In Arctic, a Toxic Surprise". This is 
only one of the most recent indica- 
tions of problems to surface in the 
Canadian Arctic resulting from the 
global cycling of contaminants. 


The long-held popular opinion that 
the arctic environment remains 
pristine has been set aside. While 
evidence of bioaccumulation of 
contaminants in the Arctic has 
been noted for several decades, 
only recent research has 
demonstrated that chemical con- 
taminants, such as PCBs, DDT and 
toxaphene, are a persistent prob- 
lem. These compounds are now 
commonly found in air, water, 
plants, wildlife and humans. 


While local sources exist for some 
of these contaminants, the 
dominant source is transport over 
long distances by air and water 
from regions where they are used in 
industry and agriculture. The sen- 
sitivity of the arctic ecosystem to 
these contaminants remains un- 
known. Nevertheless, the unique 
climate of the region and its control 
over the biogeophysical charac- 
teristics of the ecosystem, the 
length of the food chain, the high 
proportion of body fat charac- 
teristic of arctic biota and the con- 
tinuing dependence of the native 
population on natural food neces- 
sitate action to safeguard human 
health and the environment. 


The Arctic Environmental Strategy 


The Arctic Environmental Strategy 
announced in May, 1991, is an ac- 
tion plan designed to preserve and 
enhance the integrity, health, 
biodiversity and productivity of 
arctic ecosystems for the benefit of 
present and future generations. 
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The strategy is a key component of 
the federal Green Plan, reflecting 
the growing concern for the health 
of Canada’s North and its people. 


The Strategy, developed by the 
Department of Indian Affairs and 
Northern Development (DIAND), in 
consultation with other federal 
departments, territorial govern- 
ments and native organizations, es- 
tablishes four programs to be 
carried out over the next six years. 
These programs address key en- 
vironmental challenges in the 
North: 


¢ contaminants; 

e waste (e.g., abandoned Distant 
Early Warning (DEW) Line radar 
sites, fuel drums); 

e water quantity and quality; and 

eenvironment/economy integra- 
tion. 


The Arctic Environmental Strategy 
will serve to enhance and augment 
research by the National Water Re- 
search Institute into arctic con- 
taminants. Some of the Institute’s 
prior research has targeted 
northward flowing watersheds with 
the potential to transport con- 
taminants from the south (e.g., the 
Mackenzie River). However, other 
NWRI research on atmospheric 
deposition of organic contaminants 
to the annual snow pack across the 
North and to the Agassiz Ice Cap on 
Ellesmere Island has demonstrated 
the extensive and continuing 
delivery of contaminants from the 
atmosphere. 


Contaminants carried from the south 


As we learn more about the Arctic, 
we recognize that it has an unique 
geographic position with respect to 
atmospheric transport of con- 
taminants, in which distance from 


source may have little relevance. 
During the winter, the polar front 
moves south, permitting rapid 
transport northward of con- 
taminants emitted to the atmos- 
phere from the industrial and 
agricultural regions of North 
America and Eurasia. 


Eurasia appears to be the primary 
source due to the more northerly 
location of agriculture and in- 
dustry. Moreover, the Eurasian 
emissions move poleward as part of 
cold, »dry ain masses, over 
frozen land and sea. This min- 
imizes en route loss of con- 
taminants from the atmosphere 
through precipitation. 


In contrast, even in winter, many of 
the air masses from central and 
eastern North America move 
poleward over the open water of the 
Atlantic Ocean where precipitation 
scavenging continues to occur. 
Further evidence to identify 
Eurasia as a source of con- 
taminants is the annual delivery to 
the Arctic of pesticides such as 
DDT. DDT has been banned from 
use in Canada and the U.S. for 
nearly two decades but is still wide- 
ly used in Eurasia. 


Northern challenges 


The Arctic Environmental Strategy 
will provide new resources over the 
next six years to greatly expand the 
NWRI research activities north of 
60°N. In cooperation with the At- 
mospheric Environment Service 
and contractors, a global inventory 
of pesticide use is being compiled. 
These data will provide the basis for 
an atmospheric emission, 
transport and delivery model to be 
developed for the North. Calibra- 
tion of the model will be based on 
air concentration measurements 


NWAI staff collect snow samples on Ellesmere Island for 


contaminant analyses. 


and an expansion of the atmos- 
pheric deposition network main- 
tained by NWRI. 


An understanding of the air/snow 
exchange of these contaminants is 
essential to developing aquatic sys- 
tem delivery models and to evaluat- 
ing the historical contaminant 


records preserved in glaciers 
and peat bogs. These ex- 
change and transformation 
rates will be addressed 
through field research and 
| cold room simulation work 
undertaken at NWRI. 


The fate of contaminants in 
| the aquatic system, includ- 
ing transformation, 
degradation and loss due to 
biological, chemical and 
physical processes, will be 
investigated. Intensive, 
multi-disciplinary studies of 
small watershed will be util- 

ized for this purpose. These 

data will be synthesized with 
those from other related research to 
identify the fate of contaminants in 
northern aquatic systems and to 
estimate contaminant loadings to 
the marine environment. 


This is an exciting undertaking in- 
volving collaboration between 


NWRI and interdepartmental and 
international scientists. While past 
research in southern aquatic sys- 
tems will provide tools and guides 
for the northern projects, the logis- 
tical problems, physical conditions 
and the unique biogeochemical 
relationships that dominate north- 
ern systems will provide many chal- 
lenges. 


Dr. Dennis Gregor 
Research Scientist 
Lakes Research Branch 


CANADA’S GREEN PLAN 
LE PLAN VERT DU CANADA 


Environment 
Week 
display 
draws community 


Four-year-old Hamilton native 
Stephanie Yates enjoys some hands-on 
learning about our environment at 
"Reading the Water", the Environment 
Week display held by NWRI and the 
Burlington Cultural Centre. The display 
depicted the present degradation and 
the hopeful future of Hamilton Harbour, 
and drew a perspective from both 
government scientists and local artists. 
It was held at the Cultural Centre from 
May 26 to June 27. 


A call for local action 


Jim Ryan, Research and Applications Branch, designed a poster entitled 
"The Global Environmental Crisis" as part of NWRI’s Environment Week 
activities. The poster graphically highlights the urgent need for responsible 
environment stewardship at all levels of society. It was jointly sponsored by 
Environment Canada and the City of Burlington Sustainable Development 
Committee. 


Ryan also wrote an article on sustainable development for Municipal World, 
an independent Canadian journal for municipal government. The article, 
entitled "Sustainable Development: 
Existing in Harmony with the En- 
vironment," focusses on the role of 
local government in implementing 
global sustainable development. The 
message behind the article is that only 
through concerted local action 
worldwide can we prevent the 
degradation of the planet’s natural 
and environmental resources. It em- 
phasizes the urgent need to incor- 
porate sustainable development into 
the management, planning and 
decision-making processes of 
municipalities. 


Contact a 
Jim Ryan 
Reference 


THE GLOBAL 
pe CRISIS 


the human race is literally 
burning its candle 
at both ends 


we are ‘squandering 

the environmental inheritance 

of our children and grandchildren 
through sos seis waste and pollution 


Ryan, J., 1991. Sustainable development: Ex- i 
isting in harmony with the environment. 
Municipal World, March 1991, pp 3-5. 


DIGEST 7 


Editor-In-Chief 
Janet Cooley 


Science Writer 
Vik Peck 


NWRI Digest is the public newsletter of the National FditorialiReview Committee 
Water Research Institute, Canada’s largest freshwater ‘ 

: acim Martine Allard 
research establishment. The institute conducts a com- 


Robert Bi 
prehensive program of research and development in the ee eels 


aquatic sciences which it undertakes in partnership apes ete 

with water management agencies and water science Mike Zarull 

communities in Canada and around the world. Our 

research creates knowledge and develops expertise on Production Coordinator 

water quality issues important for sustainable water Suzanne Ponton 

resource use and the preservation of freshwater ecosys- 

vem Nameplate design by Mike Donnelly 


Layout and printing by Lincoln Graphics Inc. 
Suggestions, comments and further enquiries concern- 


ing NWRI Digest are welcomed. Please write to: 


Editor, NWRI Digest 
National Water Research Institute 


Aussi disponible en frangais. 
ISSN 0836-0979 


Canada Centre for Inland Waters NATIONAL 
867 Lakeshore Road, P.O. Box 5050 WATER 
Burlington, Ontario RESEARCH 


Canada INSTITUTE 
—— 
L7R 4A6 


Editor, NWRI Digest 

National Water Research Institute 
Canada Centre for Inland Waters 
867 Lakeshore Road, P.O. Box 5050 
Burlington, Ontario 

Canada 

L7R 4A6 


ve ha 
& Canada 


Pensez a recycler ! 


WINTER 1992 


Chai 


take 


re ts 


Environnement 
Canada 


ake 


tion 


“fn a grocery store. Each can — 
birds, fish, plants, humans, 
microorganisms — is perched pre- 
cariously on many others. In spite of 
its highly unstable appearance, the 
structure can be remarkably 
resilient. Some cans can be removed 
without seriously threatening the 
overall stability of the structure. 
However, it is impossible to predict 
which cans cannot be removed 
without causing the entire pyramid 
to collapse. 


The concept of man as 
central to the 
ecosystem, not separate 
from it, is a vital 
underlying principle of 
the ecosystem approach. 


TEEPE ET AVNER SON SEE 
A Way Of Thinking 


The concept of man as central to the 
ecosystem, not separate from it, is a 
vital underlying principle of the 
ecosystem approach. The approach 
breaks the barriers in compartmen- 
talized thinking and recognizes the 
multitude of pathways and channels 
for interaction within an ecosystem. 
For example, if one were to simply 
target one compartment, such as 
commercial fish, for restoration after 
it was contaminated, other compart- 
ments such as sediments or prey 
species could still recontaminate the 
fish. In order to benefit ourselves, we 


Environment 
Canada 


PT valonteg ecosystem objectives 
| for the Great Lakes 
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must take care of the ecosystem in 
its entirety. This approach is gaining 
momentum in international environ- 
mental circles and changing the way 
in which the NWRI conducts aquatic 
research in the Great Lakes. 


One prerequisite for an ecosystem 
approach is a means to evaluate the 
state of health of the ecosystem. Dr. 
Trefor Reynoldson, Lakes Research 
Branch, co-chairs a binational work- 
ing group developing ecosystem ob- 
jectives, indicators and measures for 
Lake Ontario. The working group, 
operating under the direction of the 
Binational Objectives Development 
Committee, is charged by the 1987 
Protocol to the Great Lakes Water 
Quality Agreement (GLWQA) to 
produce a set of biological indicators 
which can be used to measure the 
health of the Lake Ontario ecosystem 
and progress towards the ecological 
objectives. The group bases its work 
on the premise that the surest in- 
dication of a healthy ecosystem is the 
presence of sustainable, self- 
reproducing biota. 


The multi-agency group is composed 
of both Canadians and Americans 
working toward the common goal of 
a healthy, self-sustaining ecosystem. 
The group is broken up into the fol- 
lowing six sub-groups, each develop- 
ing biological indicators, means of 
measurement and targets for dif- 
ferent components of the ecosystem: 


BENTHOS 


The benthic invertebrates sub- 
group, led by Janice Smith, Rivers 
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Research Branch, is examining 
ways to measure the health of ben- 
thic communities. These bottom 
dwelling organisms form an impor- 
tant link between sediments and 
the water. 


PELAGIC COMMUNITIES 


Likewise, the pelagic sub-group is 
investigating the fish and other 
planktonic communities which link 
the food web and habitat com- 
ponents of the ecosystem. 


WILDLIFE 


This sub-group looks at wildlife 
which rely on the Great Lakes for 
food, based on the assumption that 
what is contained in the water can 
also affect terrestrial organisms. 


HABITAT 


The habitat sub-group is defining 
requirements of healthy habitats 
for fish and wildlife, with the under- 
standing that self-sustaining 
biological communities are only 
possible by preserving sufficient 
quantity and quality of habitat. 
Habitat loss and degradation 
through development of the 
shoreline or diminishing wetlands 
is one of the greatest threats to fish 
and wildlife populations in the 
Great Lakes Basin. 


HUMAN HEALTH 


The human health sub-group ad- 
dresses concerns such as levels of 
contaminants and disease-causing 
microorganisms, and numerous 
aesthetic factors which affect 
human health and well-being. 


STEWARDSHIP 


The stewardship sub-group 
measures changes in attitudes and 
awareness of the role of humanity 
in the ecosystem, which includes 
acceptance of our responsibilities 
as caretakers of the environment. 


Taken together, these sub-groups 
provide a comprehensive view of the 
health of the entire ecosystem, one 
which acknowledges the complex 
connections between land, air, 
water, plants and animals. Public 
opinion is also taken into account 
and was instrumental in estab- 
lishing the scope of the project. 


The Evolution Of A Philosophy 


The concept of an ecosystem ap- 
proach evolved over the past three 
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decades. Born as a philosophical 
movement in the 1960s, the ap- 
proach gained prominence follow- 
ing enactment of the 1978 GLWQA 
between Canada and the United 
States. The prior agreement, signed 
in 1972, promoted restoration of 
water quality in the Great Lakes 
based largely on a specific chemical 
approach. Although this approach 
was effective in reducing "end of 
pipe" emissions of nutrients, it was 
unequal to the task of solving all the 
numerous, complex problems as- 
sociated with Great Lakes pollu- 
tion. The 1978 and 1987 revisions 
to the Agreement recognized this 
limitation and require development 
of both ecosystem and chemical 
specific objectives. 


The ecosystem 
approach will have an 
increasingly 
pronounced effect on 
Great Lakes research 
as the concept 
continues to evolve. 


In 1985, the International Joint 
Commission (IJC) and the Great 
Lakes Fishery Commission jointly 
published A Conceptual Approach 
for the Application of Biological In- 
dicators of Ecosystem Quality in the 
Great Lakes Basin which offered 
guidelines for selecting ecosystem 
objectives and led to the inclusion 
of two ecosystem objectives for Lake 
Superior into the GLWQA. The in- 
dicators of a healthy Lake Superior 
ecosystem were defined as stable 
and self-reproducing populations 
of lake trout and the amphipod Pon- 
toporeia hoyi. Dr. Reynoldson par- 
ticipated in another IJC effort 
which identified populations of 
mayfly (Hexagenia limbata) and 
walleye as suitable indicators for 
more productive waters such as 
western Lake Erie and Saginaw 
Bay. 


The 1987 Protocol to the GLWQA 
specified that development of 


ecosystem objectives is a direct ' 


responsibility of the governments of 
Canada and the United States. 
From this arose the Binational Ob- 
jectives Development Committee 
which advanced the concept of an 


ecosystem approach to its current 
state. 


The ecosystem approach will have 
an increasingly pronounced effect 
on Great Lakes research as the con- 
cept continues to evolve. The view 
of the Great Lakes as a highly in- 
tegrated ecosystem will encourage 
partnerships with other research 
disciplines. The program in the 
Great Lakes Basin also represents 
one of the most formal approaches 
to ecosystem objectives develop- 
ment in the world and is expected 
to assist in development of the 
ecosystem approach to environ- 
mental management throughout 
Canada. 


Dr. Reynoldson has lectured exten- 
sively on the topic, both in Canada 
and internationally. The expertise 
and knowledge developed in the 
Great Lakes Basin can be used as 
a template for ecosystem objectives 
development around the world. 


Contact 
Dr. Trefor Reynoldson 
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New technique to combat reduced chemicals in sediments 


educed chemicals, such as 

hydrogen sulfide, con- 

tribute to the toxicity of 
some Areas of Concern. Dr. Tom 
Murphy, Lakes Research Branch, 
is experimenting with a new tech- 
nique that may be useful for treat- 
ing sites with high concentrations 
of reduced chemicals, such as 
Hamilton Harbour and the St. 
Marys River. 


The new technique injects oxidants 
into the sediments using equip- 
ment which resembles a long rake. 
This equipment is lowered off the 
end of a boat and pulled across the 
bottom sediments while injecting 
the chemicals, such as ferric 
chloride or calcium nitrate, into the 
sediments. These oxidants convert 
reduced chemicals into com- 
pounds which are less harmful to 
aquatic organisms. 


Two pilot-scale ferric chloride treat- 
ments were completed on the St. 
Marys River during July and Oc- 
tober. The river sediments near 
Sault Ste. Marie are in many ways 
similar to the contaminated sedi- 
ments of Hamilton Harbour since 
both sites have received discharges 
from the steel industry. 


The pilot-scale treatment sig- 
mincantiy reduced the acute 
toxicity at the St. Marys site. 
Donald Marles, chairman of the St. 
Marys River Bilateral Public Ad- 


visory Committee, 
says he is pleased 
by the success of 
the project. "We 
are encouraged by 
the recent studies 
initiated on the 
St. Marys River 
aimed towards 
developing tech- 
nologies and 
methodologies for 
neutralizing in- 
place toxic sedi- 
ments; ” says 
Marles. 


Recently, lO”, 
Murphy completed a pilot-scale 
treatment of Hamilton Harbour 
sediments. Chemical tests to 
analyze the overall effect of the fer- 
ric chloride treatment on these 
sediments are being conducted. 


A second oxidant, calcium nitrate, 
is being investigated in laboratory 
studies. Calcium nitrate shows 
great potential since it is a much 
more powerful oxidant than ferric 
chloride and less corrosive to the 
application equipment. Further- 
more, oxidation by calcium nitrate 
enhances biodegradation of some 
aromatic contaminants, such as 
naphthalene, a byproduct of the 
coking process used in steelmak- 
ing. When oxygen is present, cer- 
tain naturally occurring bacteria 


Dr. Tom Murphy’s field crew inject reduced sediments in the 
St. Marys River with ferric chloride. 


produce oxidases which can cleave 
aromatic rings, thus inactivating 
them or breaking them down into 
smaller compounds. Dr. Murphy is 
currently analyzing the effective- 
ness of calcium nitrate to enhance 
biodegradation of the 16 priority 
polynuclear aromatic hydrocar- 
bons (PAHs). Although ferric 
chloride enhances biodegradation 
to a lesser extent, its inactivation of 
hydrogen sulfide is still potentially 
useful. 


If the Hamilton Harbour trials are 
successful, the technique could be 
used. to; pretreat thes PAM scon- 
taminated sediments located in one 
of the Harbour’s "hotspots". 


Contact 
Dr. Tom Murphy 


he speed and force of waves 

constantly challenge the 

stability of coastal and off- 
shore structures. In designing 
structures to meet this challenge, 
engineers use mathematical wave 
models to predict the nature and 
extent of the forces. However, many 
models fall short due to the limita- 
tions of applying standard linear 
theory to the complex, erratic wave 
patterns found under natural wind 
and wave conditions. 


Dr. Mark Donelan, Research and 
Applications Branch, in collabora- 
tion with Dr. Jay Doering and Fran- 
cois Anctil have made an advance 


in this area by developing a method 
to calculate the velocity field 
beneath irregular waves in a 
theoretically consistent manner. 


Irregular waves generated in a 
laboratory are designed to simulate 
naturally occurring waves. The 
scientists developed a mathemati- 
cal model to accurately predict the 
local velocities within these waves 
and compared their predictions to 
irregular waves generated in the 
wind-wave flume at NWRI. 


The calculations can also be used 
to predict mean wave drift. This 
information may be used to deduce 


the drift of pollutants and other 
flotsam. 


A computerized version of the 
method suitable for use with a per- 
sonal computer is available from 
Dr. Donelan. 


Contact 
Dr. Mark Donelan 


Reference 

Donelan, M.A., Anctil, F. and J.C. Doer- 
ing. 1991. Asimple method for calculating 
the velocity field beneath irregular waves. 
NWRI Contribution 91-111 (also in Coas- 
tal Engineering, in press). 
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WORKING TOGETHER 


Ecotoxicology of coplanar PCBs 


Dr. Chris Metcalfe, 

Environmental and Resource Studies Program, Trent University 
Dr. Doug Haffner and Dr. Michael Dufresne, 

Department of Biology, University of Windsor 

Dr. Frank Gobas, 

Department of Natural Resource Management, 

Simon Fraser University 


For over 25 years, polychlorinated biphenyls (PCBs) have been known to 
contaminate the Great Lakes ecosystem. PCBs are a complex mixture of 
chlorinated biphenyl compounds, or "PCB congeners", which are recog- 
nized chemical contaminants present in fish-eating birds, fish, plankton, 
sediment and water of the Great Lakes. Until recently, all PCBs were 
assumed to be of equal toxicity, and monitoring efforts in the Great Lakes 
concentrated on determining levels of total PCBs. 


Scientists now recognize that many PCB congeners are relatively harmless. 
In fact, only a small group, perhaps as few as three, may be toxic to biota. 
The toxic congeners are known as "coplanar PCBs". This has implications 
for the monitoring of PCBs in the Great Lakes. It is known that the levels 
of total PCBs in all of the lakes have declined throughout the 1980s, but 
it is not known whether coplanar PCBs have followed the same trend. 


Drs. Chris Metcalfe, Doug Haffner, Michael Dufresne and Frank Gobas are 
analyzing trends of coplanar PCBs in Great Lakes food chains. Part of this 
study involves analyzing samples of Lake Ontario lake trout archived 
throughout the 1970s and 1980s. The scientists will also determine 
whether coplanar PCBs are magnified to a greater extent through food 
chains than non-toxic PCB congeners. 


The scientists are also examining the toxicology of coplanar PCBs in native 
species of the Great Lakes. This includes determining if coplanar PCBs are 
embryotoxic, or whether they impair the overall reproductive success of 
Great Lakes fish and birds through other means. 


Results of this GLURF project will contribute to an overall understanding 
of whether the existing GLWQA objective for total PCBs in fish tissue truly 
protects the Great Lakes ecosystem. 


GLURF participants to present at 
IAGLR ‘92 


Many of the GLURF recipients will be presenting their results at the 35th 
annual conference of the International Association for Great Lakes Re- 
search (IAGLR). The conference will be held May 31 to June 4, 1992, at the 
University of Waterloo. The purpose of the conference is to exchange 
information on all aspects of research related to large lakes of the world 
and to the human societies surrounding them. 


Papers on all aspects of Great Lakes research are invited. Abstracts are 
required for both poster sessions and contributed papers. All abstracts 
must be received by Jan. 31, 1992. 


For further information, please contact Dr. Marie Sanderson, Department 
of Geography, University of Waterloo, Waterloo, Ontario, N2L3G1; or phone 
(519) 885-1211 (ext. 6962 or 2433). 
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Socio-economic consequences 
of regulations for toxic 
chemical abatement 


Dr. Mark Sproule-Jones, 
Department of Political Science, McMaster University 


The growing awareness of toxic chemicals and their effects is pronounced 
in the Great Lakes region, and in particular the Areas of Concern. Funded 
by GLURF, Dr. Mark Sproule-Jones is evaluating the design of policy 
instruments (i.e. the laws, regulations and programs of several govern- 
ments) necessary for toxic chemical abatement. 


The aim of the study is to disentangle those regulations that are unenforced 
and unenforceable ("rules-in-form"), from those that are or could be used 
to tackle the toxic pollution problem ("rules-in-use"). Dr. Sproule-Jones 
will develop evaluation criteria, based on an ecosystem approach, that can 
be used to appraise the "rules in use". This approach parallels ongoing 
work by Great Lakes researchers on ecosystem indicators. 


In forthcoming months, the "rules-in-use" will be identified in the case of 
Hamilton Harbour, one of the Areas of Concern. This will be accomplished 
through collaboration with stakeholders, which include representatives of 
federal and provincial governments, private sector and interest group 
organizations engaged in the Hamilton Harbour Remedial Action Plan. 
Finally, the assessment criteria will be used to evaluate the strengths, 
weaknesses, gaps and redundancies inherent in the "rules-in-use’. 


The project thus marries the strengths of social and natural science 
disciplines to examine the reasons for the enforceability of regulations and 
develop an ecosystem method for assessing the impact of regulations on 
the water quality environment. 


Predicting the toxicities of 
narcotic contaminants 


Dr. Rob Peters, 
Department of Biology, McGill University 


The cost to measure the individual effects of the ever-increasing number 
of chemicals on the numerous species of the Great Lakes ecosystem makes 
the task not just impractical, but impossible. A more efficient approach 
would be to use our knowledge about the effects of a few chemical species 
on a similarly small number of biological species to synthesize general 
theories about environmental contamination. Under the GLURF, Dr. Rob 
Peters is testing such a theory using narcotics as a focus. 


Narcotics are a large family of organic compounds which includes alcohols, 
ethers, ketones, benzenes and halogenated aliphatic hydrocarbons. Nar- 
cotics disrupt the general functioning of an organism, possibly by causing 
intracellular membranes to swell and distort until they no longer work. Dr. 
Lynn McCarty hypothesized that narcotic inhibition does not reflect the 
properties of each chemical. Instead, he proposed that organisms cease to 
function when the internal concentrations of narcotic reached a certain 
threshold. 


Continued on p. 6 
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esidents living near Chain 
Lake, British Columbia 
have decided that they are 
going to rid the lake of excess 


algae — even if they have to raise 
their own taxes to do it! 


The geology around Chain Lake is 
rich in phosphorus-containing 
rocks. The phosphorus is leached 
from the rock by groundwater 
which enters the lake and stimu- 
lates algal growth. In the past, the 
algal growth has been extensive, 
depriving lake organisms of 
oxygen and causing fish kills. 


Chain Lake residents take action 


Dr. Tom Murphy, Lakes Research 
Branch, has investigated low-cost 
restoration options for Chain 
Lake since the mid- 1980s. He has 
recommended a drainage system 
to siphon off phosphorus-rich 
bottom water during the summer 
months and is providing technical 
advice for installation. Drawing 
off the water before it can mix with 
the surface water would reduce 
one source of nutrients for algal 
growth and lead to a subsequent 
increase in oxygen. 


The inexpensive procedure will 
cost an estimated $60,000. At a 
meeting last September, the 
public council petitioned to raise 
their taxes to cover $10, 000 of the 
overall amount. Applications for 
federal and provincial grants to 
cover the remaining expenses are 
being prepared by Dr. Greg 
Lawrence, University of British 
Columbia and the local residents. 


Contact 
Dr. Tom Murphy 
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Toxic chemical mass balances 

in the Great Lakes 
Dr. Mackay’s team is attempting to 
bridge the gap between these two 
viewpoints. The models they create 
will be simple and reliable enough 
to be useful in formulating remedial 
action strategies by regulatory 
agencies, but will retain sufficient 
detail and rigour to be accepted by 
the research community. They will 
provide a complete mass balance 
"accounting" of the fate of specific 
chemicals and can be used to 
deduce concentrations in water, 
sediments and various biota rang- 
ing from benthos and 
phytoplankton to salmonids and 
fish-eating birds. 


The models can currently be 
validated for chemicals such as 
PCBs and lead for which there are 
nearly complete data on sources 
and concentrations throughout the 
ecosystem. This will lend con- 
fidence to the application of the 
models to other chemicals for which 
there are only fragmentary data. 


It is hoped that this project will 
permit effective use of mass balance 
models by the Great Lakes com- 
munity and help in the formulation 
of effective, justifiable strategies to 
achieve the GLWQA aim of "virtually 
eliminating" toxic substances from 
our ecosystem. 
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Basic chemistry in service of environment quality 


Using efficient synthetic methods 
recently established in his 
laboratories at Waterloo, Dr. 
Snieckus and his students are 
preparing a number of PAHs which 
are proven contaminants. High 
Pressure Liquid Chromatography 
(HPLC) and Gas Chromatography- 
Mass Spectrometry (GC-MS) are 
used to obtain and ascertain high 
purity standards. These standards 
are then submitted to scientists 
engaged in PAH detection and 
analysis for unequivocal verifica- 


tion of PAHs in samples obtained 
from the Great Lakes Basin. 


Through collaboration with re- 
searchers at NWRI, Dr. Snieckus 
has been able to concentrate his 
efforts on those PAH reference 
standards most urgently required. 
These new standards will form part 
of an ongoing collection of reference 
materials being accumulated by 
Dr. Snieckus and his associates in 
anticipation of new toxic pol- 
lutants. 


Predicting the toxicities of narcotic contaminants 


To test this hypothesis, Dr. Peters 
will expose water fleas to lethal con- 
centrations of different organic nar- 
cotics. Radioactively labelled 
narcotics will allow the scientists to 
directly measure very low con- 
centrations of each compound, 
even the concentration necessary 
to immobilize a single water flea. If 
the internal concentrations at 
death for different compounds are 
no more variable than those ob- 
served in replicated trials with a 
single compound, then the theory 
will be supported. 


Once the lethal internal concentra- 
tion of narcotics is determined, the 
predictive power of the theory can 
be tested. Internal lethal con- 


centrations can be established for 
different species, narcotics and en- 
vironments. If the hypothesis 
holds, similar total internal con- 
centrations of narcotics should 
result in death in all experimental 
variations. 


Future research could then con- 
centrate on factors controlling the 
rate and extent of narcotic uptake 
and on establishing estimates of 
internal lethal concentrations for 
other chemical families with char- 
acteristic modes of action. In this 
way, we will be able to construct 
models that reduce the need for 
toxicity testing and accurately 
predict the impact of a given dose 
of contaminants in nature. 


1991 Vollenweider lecture 


The 1991 R.A. Vollenweider Lectureship in 
Aquatic Sciences was awarded to Dr. Kirill Ya. 
Kondratyev. Dr. Kondratyev is an internation- 
ally recognized expert in atmospheric physics 
and space ecology. He currently acts as 
Academician and Councillor at the Institute of 
Lake Research in Leningrad, under the USSR 
Academy of Sciences. 


Dr. Kondratyev’s lecture, entitled "Limnology 
and Global Change", was presented at the 


Dr. Kirill Ya. Kondratyev 


Canada Centre for Inland Waters on October 
4 and focussed on the use of lake ecosystems 


as sensitive indicators of past and present 
global change. He also held informal discussions with Institute scientists 
throughout his four-day visit and lectured at several nearby universities 
and the Atmospheric Environment Service in Downsview. 


Water pollution research symposium 


The Twenty-Seventh Central 
Canadian Symposium on Water 
Pollution Research will be hosted 
by the Wastewater Technology 
Centre and the NWRI on February 
12, 1992, at the Canada Centre for 
Inland Waters. 


The themes of this annual sym- 
posium are: Water Pollution Con- 
trol Technology, and the Impact of 
Pollutants on Aquatic Ecosystems. 
The title of this year’s special ses- 
sion is "Management of Urban 
Lakes". 


The objectives of the symposium 
are to stimulate discussion on 


recent Canadian research projects 
and facilitate information exchange 
between governments, industry 
and universities. The symposium 
also provides an excellent oppor- 
tunity for participants to display 
their research accomplishments at 
the poster session. 


For more information contact 
Tracey Batt, Canadian Association 
on Water Pollution Research and 
Control, c/o The Wastewater Tech- 
nology Centre, 867 Lakeshore 
Road, P.O. Box 5068, Burlington, 
Ontario, L7R 4L7, tel: (416) 336- 
4598. 
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Open House 


1992 


Come and visit! 


Learn more about NWRI research on water-related environmental issues 
during the 1992 Open House at the Canada Centre for Inland Waters! 


The theme of the 1992 Open House is Ecosystem Health: It’s Everybody’s 
Business. This focusses on the need for government, industry and the 
public to work together in order to repair and protect our environment. Held 
to coincide with Environment Week, the Open House promises to be one of 
the largest environment-related events during that week. 


Bring the family! June 6 - 7 is reserved for families and the displays will 


appeal to all ages. 


For more information, phone: (416) 336-4973 


Reaching 
a wider 
audience 


If you are looking for a little "light 
reading", you might not want to 
pick up The Role of Particulate Mat- 
ter in the Transport and Fate of 
Pollutants. The publication, 
released this year by the Chinese 
Academy of Sciences, is based on 
the proceedings of a 1983 con- 
ference held in Australia. Roughly 
half of the publication is allocated 
to presentations on toxic chemicals 
in lake ecosystems by Dr. Rod 
Allan, Director of Lakes Research 
Branch and sole keynote speaker at 
the conference. Published in 
Chinese, the proceedings may be a 
little out of reach of a strictly 
English-speaking audience, but 
they serve to introduce Dr. Allan’s 
ideas to a very extensive Chinese 
readership. 


Contact 
Dr. Rod Allan 


Lead-210 dating 
service now 
available 


The Research and Applications 
Branch has recently begun of- 
fering lead-210 dating as one 
of their technical services. 
Lead-210 dating is a valuable 
tool in both research and 
routine analysis for environ- 
mental assessment and 
monitoring. 


Lead-210 is a decay product of 
atmospheric radon-222. Rain 
carries some of the lead-210 to 
lakes where it becomes ad- 
sorbed to particles of clay and 
organic matter settling out of 
the water column. The ad- 
sorbed lead-210 provides a 
useful means for determining 
the sedimentation rate and 
chronological age of the sedi- 
ments. 


Contact 
George Duncan 
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NWRI Digest is the public newsletter of the National 
Water Research Institute, Canada’s largest freshwater 
research establishment. The Institute conducts a com- 
prehensive program of research and development in the 
aquatic sciences which it undertakes in partnership 
with water management agencies and water science 
communities in Canada and around the world. Our 
research creates knowledge and develops expertise on 
water quality issues important for sustainable water 
resource use and the preservation of freshwater ecosys- 
tems. 
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ing NWRI Digest are welcomed. Articles may be 
reprinted upon permission from the editor. Please write 
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Scientists study UV impacts on 
aquatic ecosystems 


un, surf and sand -- 


that’s what summer was 
amie Feo: S 
a all about. But recently, 
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GLURF recipients 


the sunlight consists of a higher 
proportion of ultraviolet (UV) 
radiation due to thinning of the 
stratospheric ozone layer. We 
have all heard health warnings 
urging us to avoid excess 
exposure to sunlight, but what 
about aquatic animals and 
plants that can’t escape the sun’s 
damaging rays? 


Under the Green Plan’s Ozone 
Depletion initiative, NWRI 
scientists are studying the 
response of aquatic ecosystems 
to increased UV radiation. Dr. 
David Lean, Lakes Research 
Branch, co-ordinates a research 
program that investigates the 
physical, chemical and biological 
effects ofincreased UV exposure 
on inland rivers and lakes. The 
program involves partnerships 
with the National Hydrology 
Research Institute (NHRI and 
several universities. 


Understanding light 

Before you can understand the 
effects of UV light on aquatic 
ecosystems, you must first 
understand what happens to UV 
rays as they travel through 
natural waters. Dr. Bob Bukata 


and John Jerome, Rivers 
Research Branch are studying 
the factors that affect the 
scattering and absorption and 
UV-B radiation in aquatic 
systems. 


The study consists of two 
components. In the laboratory, 
Dr. Bukata and Jerome are 
examining how UV-B radiation 
travels across the air/water 
interface. The wavelength of 
UV-B ranges from 280 - 320 nm, 
while UV-A ranges from 320 - 
400 nm. Although there is 
relatively more UV-A radiation 
striking the earth, it is the UV-B 
part of the spectrum that causes 
severes’ sunburn. After 
calculating the amount of UV 
light entering the system, 
scientists will attempt to define 
the photon budget; that is, how 
much each component of aquatic 
ecosystems absorb and scatter 
light. Theres> are’) anany 
components to analyze, but they 
are focussing their studies on 
four believed to be most actively 
involved in the propagation of 
UV-B radiation through natural 
waters: phytoplankton, 
dissolved organic carbon, 
suspended sediments, and pure 
water. The laboratory study aims 
to determine the amount of UV- 
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B absorption and scattering that 
can be ascribed to an unit 
concentration of each aquatic 
component. 


The characteristics of Canadian 
waters vary dramatically 
according to location and season 
and the inorganic and organic 
composition of the water body 
will largely determine the impact 
of changes in UV-B light levels. 
The second component involves 
developing computer models 
which can -simulate the 
propagation of the UV-B 
spectrum through these waters. 
Since it is difficult to accurately 
measure the low levels of UV-B 
encountered in natural waters, 
such computer modelling will 
be very useful in relating 
measurements of above surface 
UV-B radiation to the optical 
processes occurring beneath the 
surface. This will facilitate 
understanding of the impacts of 
changes in UV-B on a variety of 
aquatic ecosystems. 


Radical studies 

UV light is powerful enough to 
trigger chemical reactions that 
can alter the way an aquatic 
ecosystem functions. Dr. Lean 
and Dr. Jerome Nriagu, Lakes 
Research Branch, working with 
ateam of graduate students and 
professors at Trent, York and 
Florida International University, 
are trying to predict ecosystem 
response to influence of UV light 
in lakes and wetlands. 


One way in which UV radiation 
can affect ecosystems is by 
stimulating production of oxygen 
radicals. In the presence of 
humic substances (a complex 
group of chemicals which lend 
an amber colour to lakes and 
ponds) UV light can transform 
oxygen into radicals, such as 
singlet oxygen ('O,). Singlet 
oxygen has a very short lifetime 
in water but may be toxic to 
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organisms and reacts readily 
with various naturally occurring 
or artificial compounds. Another 
radical produced is the transient 
superoxide ion (O,) which 
quickly converts into hydrogen 
peroxide (H,O,). 


Oxygen radicals can spur 
chemical reactions with metals 
and organic compounds. In fact, 
some levels of UV can cause the 
photochemical formation of 
highly reactive chemicals which 
are toxic to biota, even though 
the original chemicals were at 
“safe” concentrations. For 
instance, hydrogen peroxide has 
been known to convert relatively 
benign trivalent chromium to 
hexavelant chromium, which is 
much more ) toxic, “and 
carcinogenic. Industrial systems 
discharge both trivalent and 
hexavalent chromium but now 
hexavelant chromium is found 
to be the most dominant form in 
the Great Lakes. Dr. Nriagu is 
studying this phenomenon and 
its effects on biota. 


In theory, the impact of these 
reactions on aquatic ecosystems 
should be greater in northern 
lakes and wetlands; presumably 
because these ecosystems are 
not adapted to high levels of UV 
radiation. Based on his previous 
work in this area, Dr. Lean 
predicts that the greatest impact 
of oxygen stress will be felt in 
shallow, poorly buffered, 
coloured ponds at latitudes 
where UV light levels are 
substantial, the days are long, 
and the cold weather inhibits 
the growth of bacteria which 
break down hydrogen peroxide. 


Dr. Lean and his team will be 
studying, «this .eilect wat 
Atmospheric Environment 
Service monitoring stations on 
Ellesmere Island, Resolute Bay, 
and Cornwallis Island (NWT), at 
Churchill (Manitoba), and in 


temperate systems within 
Ontario. While the hourly UV-B 
flux rate is lower at high 
latitudes, the daily rates are quite 
high during the summer. Above 
the tree line, values for dissolved 
organic carbon are generally 
lower. This results in greater 
UV-B penetration. In addition, 
work will be conducted in 
collaboration with Florida 
International University on 
subtropical environments 
located in the Everglades 
National Park/Biosphere 
Reserve. 


Much of the team’s current work 
is occurring at the laboratories 
of the Environmental Science 
Centre at Trent University. They 
have developed field techniques 
to be evaluated in the Arctic in 
the future. 


Adapting toa 

hostile environment 

Dr. Max Bothwell, NHRI, is 
working as a team member with 
professors from the University 
of British Columbia and the 
University of Saskatchewan to 
explore the consequences of 
increased UV on riverine 
ecosystems and evaluating the 
ability of these systems to adapt. 


The project involves investigating 
the biological response of UV 
light in natural flowing waters. 
Dr. Bothwell will then go on to 
study the impact of UV light on 
the microbiology of natural 
flowing waters by analyzing the 
adaptive mechanisms of 
periphytic diatoms. What affects 
these microorganisms at the 
base of the riverine food chain is 
likely to influence the entire 
community. However, different 
species of diatoms will vary in 
their sensitivities to UV light. 
Dr. Bothwell will be comparing 
the effects of UV light on different 
species of diatoms to see how 
this will change the overall 


structure of the periphytic 
community. 
Understanding future 
problems 

Canada continues to be a 
frontrunner in international 
efforts to decrease the levels of 
ozone-depleting chemicals in the 
atmosphere. The Montreal 
Protocol, signed in 1987 and 
revised in 1990, took major 
strides in reducing the levels of 
chlorofluorocarbons (CFCs), 
compounds __ believed ___ to 
contribute substantially to 
destruction of the ozone layer. 


Unfortunately, ozone-depleting 
chemicals tend to persist in the 
atmosphere. This means even if 
the participating nations adhere 
to the terms of the Montreal 
Protocol, we may not see 
significant improvements until 
years later. Understanding the 
eifects ‘OF ‘potential future 
increases in UV-Bon our aquatic 
ecosystems is of paramount 
importance if we are to maintain 
the beneficial uses of our lakes 
and rivers.——-2— 


Contact: 
Dr. David Lean 


a a 
Managing urban lakes 


by Dr. Jan Barica 


By the end of this century, it is 
predicted that one half of the 
earth’s population will live in 
urban centres. This trend calls 
for a hard look at the 
relationships between cities and 
the lake and river basins they 
occupy. 7eCilies are too often 
treated as point sources of 
pollutants, even though their 
size and developmental influence 
throughout the basin provide 
many mechanisms for 
interaction. Cities, in fact, are 
ecosystems in their own right. 


A special symposium on 
management of urban lakes was 
convened at NWRI to consider 
this issue. It was held under the 
auspices of the 27th Central 
Canadian Symposium on Water 
Pollution Research and Control 
on February 12, and hosted 
jointly by NWRI and the 


Wastewater Technology Centre. 
The symposium centred on two 
representative urban lake 
systems: the Berlin reservoir 
system in Germany and 
Hamilton Harbour, Ontario. In 
addition, case studies from 
Brazil, Poland, Southern 
Germany, Quebec, British 
Columbia, Alberta and Ontario 
were discussed. 


Under Canada-Germany 
scientific cooperation programs, 
separate meetings were held with 
the Ontario Ministry of the 
Environment on phosphorus 
removal technologies in both 
countries and on water cycle 
management in urban areas. 


THe, DEOCecaines = 2Ole tic 
symposium will be published in 
the Water Pollution Research 
Journal of Canada. 


——— aa, 


Global watershed atlas 


ndy Fraser, International 
AA Prcerammes Group, and 
his colleagues recently 
completed development of a 


global freshwater "electronic 
atlas". 


The atlas contains maps and 
information on 82 major 
watersheds around the globe and 
can be viewed on a global, 
continental or watershed level. 
fe walso. soutlines> major 
environmental issues for each 
of the watersheds and retrieves 
statistical analyses and trends 


on over 25 water quality 
parameters, including major 
ions, electrical conductivity and 
nutrient concentrations. This 
initial version of the program 
stores over 1300 computerized 
images. Further refinements and 
additions to the database are 
planned. 


The atlas uses data from the 
Global Environment Monitoring 
System for Freshwater (GEMS/ 
WATER) and was produced 
under contract with the United 
Nations Environment 


Programme (UNEP). The RAISON 
(Regional Analysis by Intelligent 
Systems ON a Microcomputer) 
expert system, created at NWRI, 
was used to develop the atlas. 


Fraser presented the atlas at the 
United Nations International 
Conference on Water and the 
Environment (ICWE) in Dublin, 
Ireland during January. —~2— 


Contact: 
Andy Fraser 
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In@1875.4 aoreparter ‘ior: Mie 
Hamilton Spectator described 
Hamilton Harbour as “Calm and 
beautiful; clothed with lazy sails 
and surrounded by rich and hazy 
hills, it presents a scene which, 
to the lovers of the beautiful, is 
unexcelled.” 


At that time, the Harbour (also 
known as Burlington Bay) wasa 
focal point for the Hamilton 
community, as well as an 
unspoiled habitat for wildlife. 
Vast marshes provided a home 
for frogs, fish and birds of all 
kinds. What’s more, the Harbour 
was a natural playground for 
sailing, swimming and fishing. 
In fact, fishing was a major 
industry in the Harbour. 


Since then, human activities 
have made their mark on the 
Harbour. The amount of sewage 
discharged into this small bay 
escalated as the populations of 
Hamilton, Burlington, Stoney 
Creek, Dundas, Ancaster and 
Waterdown continued to swell, 
eventually causing the first 
beach closures during the 1940s. 
The wetlands were filled in to 
make way for expanding 
industry; the same industries 
which infused the Harbour with 
toxic chemicals. The Harbour 
had become a huge wastewater 
lagoon that processed, digested 
and temporarily stored all of the 
urban and industrial wastes 
from the entire watershed. 
Municipalities and industry have 
already begun to reduce their 
sewage and toxic chemical 
discharges. This is just one step 
in a community-wide effort to 
clean up the Harbour. 


In the 1970s, Hamilton Harbour 
was identified as an Area of 
Concern by the International 
Joint Commission. In 1986, the 
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Water clarity in some areas of 
the Harbour is poor due to high 
levels of algae and suspended 
sediments near the shoreline. 


official Hamilton Harbour 
Remedial Action Plan (RAP) was 
launched to revive the Harbour 
as a dynamic recreational and 
natural resource. The RAP 
committee is composed of public, 
industry and government 
stakeholders with direct 
interests in the Harbour. The 
process, co-ordinated by Dr. 
Keith Rodgers of NWRI, entered 
Stage Two in January -- the 
recommendation of remedial 
actions which has been reviewed 
by the general public and 
interested agencies around the 
area. 


The recommendations confront 
past and present pollution 
problems, and identify ways to 
maintain a restored Harbour. 
The two major historic 
impediments to the clean-up are 
contaminated sediments and 
habitat loss. Thirty to 40 cm of 
organic and metal-contaminated 


Le 


Hamilton Har 


clay and silt line the Harbour floor. T 
“benthic”) organisms and occasionally 
any significant reduction in toxic chem 
must be detoxified or removed and tre 
some to be “useless swampland” has 
habitat. 


Yet perhaps one of the biggest challer 
clean-up. Burlington is catching the ec 
the population around the Harbour grt 
be developed to accommodate increas 
strict control over bacterial, ammonia, 
Harbour. 


A Team Effort 
The Stage Two RAP report represen 
government. NWRI scientists are h 
government and non-government ex] 
technical information and advice on e1 
of the projects: 


Defining the nature, extent and origins 
contaminant distribution in Harbour 
toxicity and composition of the coal ta 
to remove and clean the coal tar. The 
tar originated historically from coke o 


Determining the effects of contamin 
benthic invertebrates: Benthic inverteb 
at 13 sites along a transect of the Har 
species diversity decreased with inc 
contamination, the size of the populat 
suggests that both physical and chem: 
low oxygen levels, sediment type and « 
are responsible for the distribution of be 


Testing methods to detoxify sediment: 
was developed that treats reduced che! 
by injecting oxidants such as ferric « 
nitrate. The oxidants convert redu 
compounds which are less toxic to aqi 
enhance bacterial degradation 
contaminants. The technique may 
pretreat highly contaminated areas | 
prior to dredging. 


Predicting the effect of changes in nutr 
sewage treatment plants (STPs) on al 
water clarity: Water clarity was sam 
sites in 1990. The results showed a st 
in phosphorus coming from the STPs, 
necessary to cause large reductions 
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. success story 


ats are toxic to many bottom-dwelling (or 
ate the water column. In order to achieve 
) the Harbour ecosystem, these sediments 
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urge areas of important fish and wildlife 
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levels also remained relatively 
high. Both algae and ammonia 
are implicated in the low oxygen 
levels found within the Harbour. 
This study helps direct further 
refinements to the STPs. 


Refining estimates of water 
circulation: Water circulation 
within Hamilton Harbour and 
the exchange of water between 
the Harbour and Lake Ontario 
is avery complex process which 
affects the fate of contaminants. 
Water enters the Harbour from 
precipitation, creeks, drains, 
sewer outfalls and groundwater 
seepage. Water is also 
exchanged with Lake Ontario 
via the ship canal due to 
changing water levels and the 
outflow of warm Harbour water 
during the summer. 
Understanding and quantifying 
these circulation patterns lends 
insight into contaminant flows 
and helps direct remedial 
measures. 


Hamilton Historical Society 
Aerial photo of Cootes Paradise during the 1920s. Since this picture 
was taken, over 85 per cent of the wetlands have disappeared due 
to high water levels, the destructive activities of carp and poor water 
quality (i.e. excess nutrients and suspended sediments). 


Quantifying the transport of 
contaminants from the Harbour 
into Lake Ontario: One 
environmental concern is 
whether large quantities of 
Hamilton Harbour 
contaminants flow outward into 
Lake Ontario. NWRI researchers 
found that the loading of PCBs 
and polynuclear aromatic 
hydrocarbons (PAHs) from 
Hamilton Harbour into Lake 
Ontario was 30 and 300 times 
lower than loads from the 
Niagara River. 


But despite NWRI’s technical 
input, the RAP document 
remains a community-based 
project, not a government 
endeavour. Dr. Rodgers says he 
is pleased by the general public’s 
ability to understand and provide 
valuable suggestions on difficult 
technical concepts; reaffirming 
the value of public input in the 
RAP planning stages. All the 
public input has now been 
compiled and assimilated into 
the Stage Two Report. The 
Stakeholders Group have 
Supmitved:. vthism sep "OL 
recommendations to the federal 
and Ontario governments and 
the final report is due for release 


this fall. — 2 


Contact 

Dr. Keith Rodgers 

Reference: 

Remedial Action Plan for Hamilton 
Harbour. Stage Two draft report, 
1991. 
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Remotely monitoring aquatic productivity 


Rivers Research Branch scientists Dr. Bob Bukata and John Jerome recently received the 
1991 - 1992 Chandler-Misener Award, given annually by the International Association of 
Great Lakes Research for the best paper to appear in the organization's publication, The 
Journal of Great Lakes Research. The award was given for two papers dealing with 
remote sensing of biological productivity in inland waters and its applications for satellite 


Keeping track of changes in 
aquatic biological productivity 
is an important aspect of 
international programs to 
monitor global change. For 
nearly two decades, oceanic 
productivity has been remotely 
monitored with considerable 
success using satellite spectral 
data. Algorithms relate the 
amount of visible light reflected 
at specific wavelengths from the 
earth’s surface to the amount of 
chlorophyll in the upper water 
layer. This gives an indirect 
measure of phytoplankton 
biomass and biological primary 
productivity. 


But equally as important and 
much more difficult to measure 
is the productivity of inland 
waters. In an optical sense, 
these waters are far more 
complex than oceanic bodies. 
Due to nearby land masses, the 
water is dominated by various 
inorganic and organic 
substances which compete with 
chlorophyll for sunlight at 
specific wavelengths. 
Consequently, the optical 
spectrum reflected from the 
water represents a sum total of 
all these components. 
Extracting the contribution of 
chlorophyll from this elaborate 
spectrum has proven to be a 
complex undertaking. 


Dr. Bukata and Jerome, along 
with Ed Bruton, Rivers Research 
Branch, developed a model 
which estimates chlorophyll-a, 
suspended mineral and 
dissolved organic carbon 
concentrations, based ona single 
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monitoring of global change. 


remote measurement of water 
colour at those wavelengths 
presently utilized in satellite 
monitoring. 


The model was used successfully 
to extract the organic and 
inorganic components in Lake 
Ontario from remote sensing 
data. In collaboration with 
Russian scientists Drs. Kirill 
Kondratyev and _ Dimitry 
Pozdnyakov, this method was 
used to compare Lake Ontario 
parameters with Lake Ladoga in 
northern Europe. The two lakes 
were found to be quite different 
with regard to inorganic content, 
but optically comparable for 
chlorophyll-bearing biota. 


The scientists have also been 
invited to participate in NASA’s 
BOREAS (Boreal Ecosystem - 
Atmosphere Study) and SeaWiFS 
(Sea-viewing Wide-Field-of-view 
Sensor) projects. BOREAS is a 
joint Canada/U.S. program 
which aims to improve our 
understanding of the 
interactions between the boreal 
forest biome and the atmosphere 
in order to clarify its roles in 
global climatic change. SeaWiFS 
is concerned with marine 
phytoplankton processes as they 
relate to the impacts of climate 
change on aquatic carbon, 
sulphur and nitrogen cycles. The 
work of these scientists will also 
help us fulfil our Green Plan 
commitments, including 
explorations into the potential 
effects of global change on our 
water resources.—_2— 


References: 


Bukata, K.P.; Jerome, a2, 
Kondratyev, KY... “and 2D. 
Pozdnyakov, 1991. Satellite 
monitoring of optically active 
components of inland waters: An 
essential input to regional climate 
change impact studies. J. Great 
Lakes Res. 17(4): 470-478. 


Bukata,. BP: Jerome. stag 
Kondratyev,, Kove sand Deve 
Pozdnyakov, 1991. Estimation of 
organic and inorganic matter in 
inland waters: Optical cross 
sections of Lakes Ontario and 
Ladoga. J. Great Lakes Res. 17(4): 
461-469. 


GLURF 


Congratulations to this year’s 
Great Lakes University 
Research Fund (GLURF) 
recipients! The following are 
the “list ‘of successful 
candidates: Dr. I. Tsanis 
(McMaster University), Dr. R. 
Thomas (University of 
Windsor), Dr. V. Sniekus 
(University of Waterloo), Dr. B. 
Sleep (University of Toronto), 
Dr. K. Howard (University of 
Toronto), Dr. W.G. Sprules 
(University of Toronto), Dr. W. 
Inniss (University of Waterloo), 
Dr. J. Lovett-Doust (University 
of Windsor), Dr. W.E. Watt 
(Queen’s University), Dr. F. 
Gobas (Simon Fraser 
University) and Dr. C. Metcalfe 
(Trent University). 


The next application 
deadline is October 2, 1992. 
Contact Suzanne Ponton at 
(416) 336-4884 or fax (416) 
336-6444. 


in brief 


In-Situ 
Bioremediation 
Symposium ‘92 


The 1992 Symposium on In- 
Situ Bioremediation will be 
held September 20 - 24 at 
Niagara-On-The-Lake, 
Ontario. 


For more information, please 
contact 
Bev Pasian 
Conference Manager 
Wastewater Technology 
Centre 
867 Lakeshore Road, P.O. 
Box 5068 
Burlington, Ontario 


Open House 1992 
Thanks for coming out! 


Close to 30,000 people from across Ontario visited 
the Canada Centre for Inland Waters during our 
Open House, June 4 - 7. Harry Savile, Research 
Support Branch, is seen here helping one of our 
younger visitors try on some diving equipment. 


Held this year as part of Canada’s Environment 
Week festivities, the Open House represented an 
opportunity for the public to learn more about 
scientific research on such water-related 
environmental issues as zebra mussels, toxic 
contaminants, acid rain, groundwater 
contamination, and many others. Our survey 
indicated that our visitors left with a better 
appreciation of our environment and an 
understanding that we must all work together to 
preserve and protect the health of our freshwater 
ecosystems. 


Awards to NWRI scientists 


Congratulations are extended to Dr. Jerome Nriagu, Lakes Research 
Branch, who has been elected a Fellow of the Royal Society of 
Canada. He was cited for his outstanding work in the geochemistry 
of sulphur and toxic trace metals in the environment. 


Dr. Dave Lam, Dr. Bill Booty, Isaac Wong, and Andy Fraser of the 
International Programs Group have received the Departmental 
Citation of Excellence. The awards recognize the outstanding work 
of these scientists in developing the RAISON (Regional Analysis by 
Intelligent Systems ON a microcomputer) expert system. 


A poster outlining one application of the LEAF (Laser-Excited 
Atomic Fluorescence) spectrophotometer recently received first 
prize for scientific content and graphic presentation at the 22nd 
International Roland W. Frei Memorial Symposium on Environmental 
Analytical Chemistry, held in Dortmund, Germany during June. 
The poster was based on the paper “Application of LEAFS to the 
Determination of Lead in Environmental Samples by Direct Analysis” 
by Dr. Ven Cheam, Joe Lechner and Dr. Ivan Sekerka, Research and 
Applications Branch, along with Roland Desrosiers, Research 


_ Support Branch. 
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Clues to the past 


Hamilton Harbour core 
reveals environmental history 


of Hamilton Harbour, 

sediments undisturbed for 
thousands ofyears are providing 
us with environmental 
information that far predates 
human records. 


L ocked beneath the surface 


Researchers in the Lakes 
Research Branch, working with 
scientists from the University of 
Waterloo, have analyzed two 
8 m sediment cores retrieved 
from Hamilton Harbour during 
June 1991. Using clues from 
microscopic fossils and physical 
sediment properties, the 
scientists have pieced together 
the environmental changes that 
have occurred in the area over 
the last 7500 years. 


Unlocking history 

Over 11 OOO years ago, the 
Hamilton Harbour area was 
covered by a large, deep glacial 
lake (Lake Iroquois) which 
eventually drained out through 
the deglaciated St. Lawrence 
valley. This relatively low-lying 
drainage outlet caused the water 
levels in Lake Ontario to drop 
almost 100 m below present 
levels and left the Harbour as 
dry land. 


Environnement 
Canada 


After the oldest sediments in the 
core were deposited, the water 
level in the main basin of Lake 
Ontario rose once again. This 
caused the streams flowing into 
western Lake Ontario to back up 
and created a marsh 
environment in the Hamilton 
Harbour area. Fossilized peat 
found near the oldest base of the 
core attests to arestricted marsh 
environment. Dr. John Coakley 
used radiocarbon dating of 
sediment organics (performed at 
the University of Waterloo) to 
link this marsh environment to 
a low-level stage in Lake Ontario 
which occurred between 5000 
and 7000 years ago. 


Dr. Denis Delorme studied 
fossilized ostracodes throughout 
the core to reveal the physical, 
climatic and chemical changes 
that occurred in the Harbour. 
The calcitic shells of these tiny 
organisms are preserved in the 
sediments and their specific 
species composition provides 
clues to environmental 
conditions. The presence of 
shallow, freshwater species of 
ostracodes in the oldest part of 
the core indicates that there was 
less than 2 m of water covering 
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This is a microscopic view of Candona ohioensis, a species o 
ostracode typically found in Lake Ontario. Its presence in recent 
Hamilton Harbour sediments bears witness to the strong link 


between the two water bodies. 


the area during the marsh 
period. The species assemblage 
was entirely different from that 
of historic Lake Ontario, 
suggesting that the marsh was 
isolated from the lake and fed by 
intermittent streams. 


The physical properties of 
sediments also provide clues to 
environmental changes. Dr. 
Norm Rukavina found 
increasingly sandy sediments 
above the organic section of the 


Ostracodes are 
conspicuously absent 
in the last 19 years of 

the core record... 


core. This suggests that the 
rising water level in Lake Ontario 
eventually created an open link 
with the Harbour, transforming 
it from a fluvial marsh into a 
shallow bay. The sediments in 
the bay were strongly agitated 
by waves off the lake which 
washed away the fine grained 
material, leaving only the coarser 
sands behind. 


Uniform, fine-grained sediments 
begin to appear in the younger, 
uppermost part of the core. 
These sediments indicate that 
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as the water levelin the Harbour 
continued torise, the water body 
was more protected. This 
allowed for an increase in both 
the variety and number of 
ostracodes, as well as the 
occurrence of typical Lake 
Ontario species. A sandbar 
located at the mouth of the 
Harbour now sheltered it from 
waves off the lake. This same 
bar still protects the Harbour to 
this day. 


The soft, soupy, organic 
rich muds at the top of 
the core correspond to 
the..,cleepen:, less 
agitated harbour that 
we see today, and 
testify to the 
tremendous increase in 
particulate matter 
deposited by municipal 
and industrial 
Cid Ss Celia REO Tens, 
Ostracodes are 
conspicuously absent 
in the last 19 years of 
the core record (Le. 
since circa 1973) and 
the sediments are 
disturbed by shipping 
and dredging activities. 
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conditions in the 
Harbour deteriorated 


as industry flourished along its 
shores. Furthermore, although 
diatoms (i.e., algae with silica 
skeletons) are found throughout 
the core, those corresponding to 
the last 50 years bear 
abnormalities which may be 
caused by pollutant stress. 


Searching for dates 
Ascertaining dates for the middle 
region of the core is difficult due 
to the low quantity of organic 
matter. Scientists from the 
University of Waterloo have been 
very successful in finding relative 
dates on the core by analyzing 
fossilized pollen. 


The explosion in ragweed pollen 
(referred to as the “Ambrosia 
horizon”) peaks in the fossil 
pollen record at around 1830, 
when Europeans cleared the 
forests around the Great Lakes 
region to make way for 
agriculture. Pollen records also 
chronicle ‘the decline. and 
rebound of the hemlock forest 
about 4000 years ago. 


% 


Dr. John Coakley analyzes the opened 


sediment core from Hamilton Harbour. 


Pinpointing undesirable 
trends 

Sediment core analysis 
represents one of the few tools 
available for scientists to assess 
prehistoric environmental 
conditions. The Hamilton 
Harbour study testifies to the 
power of sediment analysis by 
tracing dramatic changes in the 
landscape and documenting 
important environmental 
trends, especially during the last 
century. Apart from its historical 


ihemprescence, "or he 
chemical compounds in lake 
sediments can be used to 
pinpoint the origins of materials 
found in these deposits. Dr. 
Richard Bourbonniere, Rivers 
Research Branch, and his 
colleagues used these biological 
inarkenrs to track . ‘the 
environmental changes which 
took place in the Rochester 
Basin of Lake Ontario over the 
last two centuries. 


Thesmscrentists.. retrieved 
sediment cores from the Basin 
which contain materials dating 
back to the early 1800s. Analysis 
of these sediments revealed an 
increase, beginning in the mid- 
Ota cCenlity.. «li. the 
concentration of alkanes and 
fatty acids typical of tree waxes. 
This coincides with the clearing 
ofnatural forests to plant crops, 
which increased soil erosion and 
allowed greater amounts of plant 
material to be washed into the 
lakes. 


The scientists recorded a similar 
surge in alkanes and fatty acids 
since the early 1950s, but in 
this case the specific chemicals 
were characteristic of 
microscopic algae. This parallels 


narkers used in 
ment it analys 31S 


interest, the core provides 
background information about 
the Harbour in its natural, 
uncontaminated state. This gives 
SCIEntists ay baseline/for 
evaluating the environmental 
impacts of industrialization and 
settlement, thereby aiding efforts 
to identify and address 
undesirable trends. 


—_—z —. 


Contact: 

Dr. John Coakley 
Dr. Norm Rukavina 
Dr. Denis Delorme 


the post-war population 
explosion and urban expansion 
which greatly elevated the 
amount of nutrients draining 
into the Great Lakes, and 
eventually led to excessive algal 
growth in some areas. Specific 
hydrocarbon compounds found 
in sediments from this time 
period signify a progressive 
increase in petroleum-based 
contaminants and other urban 
pollutants. 


Dr. Bourbonniere is employing 
similar techniques to study 
contaminant trends within the 
Lake Athabasca watershed of 
northern Alberta. There the 
concern is how to distinguish 
between airborne and upstream 
contaminant sources and to 
compare natural changes in the 
basin to those caused by human 
influence. 


Contact: 

Dr. Richard Bourbonniere 
Reference: 

Bourbonniere, R.A. and P.A. Meyers, 
1992. Anthropogenic influences on 
hydrocarbon contents of sediments 
deposited in Lake Ontario since 
1800. 35th Ann. Conf., IAGLR-92, 
May 3l-June 4, 1992, Waterloo, 
Ontario, Abstract p56. 
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Keeping the kokanee in Kootenay Lake 


Threatened by overfishing and 
fierce competition for food, the 
kokanee salmon population of 
Kootenay Lake, British 
Columbia, is rapidly dwindling. 
What’s more, if the kokanee 
disappear, so do their predators, 
the Gerard trout, the largest 
rainbow trout in the world and 
found only in Kootenay Lake. 


Part of the problem involves a 
shrimp (Mysis relicta) which 
outcompetes the salmon for 
zooplankton - the mainstay of 
the kokanee diet. Ironically, this 
shrimp was introduced into the 
lake as a food source for the 
kokanee, but the salmon are 
unable to prey upon them 
effectively. In an effort to feed 
the starving kokanee, the B.C. 
Ministry of the Environment is 
injecting a chemical fertilizer into 
the lake, in hopes that this will 
jump start the food chain. The 
fertilizer is intended to stimulate 
the growth of phytoplankton, 
which in turn will enhance the 
zooplankton populations that 
the kokanee feed on. 


However, one of the greatest 
challenges is to apply the 
fertilizer in the right place at the 
right time. Water currents can 
concentrate randomly applied 
fertilizer into areas where it is 
not wanted. This can lead to 
excessive algal growth along the 
shores of the lake and wasted 
money. <A team of NWRI 
scientists and technical staff are 
collaborating with the Civil 
Engineering Department of the 
University of British Columbia 
(UBC), and the Institute of Ocean 
Sciences, British Columbia, to 
optimize the application process. 


The scientists are evaluating 
different methods for applying 
the fertilizer by injecting an 
environmentally benign red dye 
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into the lake to reveal dispersal 
patterns. Data collected during 
the summer are being analyzed, 
and by early next year the 
scientists hope to recommend 
procedures which will achieve 
optimal results. The data will 
also be used in a numerical 
model of the Kootenay Lake food 
web being developed by UBC’s 
Fisheries Department. 


Since the life cycle of a kokanee 
salmon is four years, it will take 
at least that long to ascertain 


whether: the»-fertilizerwis 
enhancing the salmon 
population. However, early 
indications regarding its impact 
on primary production can be 
obtained as early as next year. 
In the meantime, the Ministry of 
the Environment has imposed 
catch limits to help offset the 
waning salmon population. 


Contact: 


Dr. Paul Hamblin 
Mr. Farrell Boyce 
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After the storm 
Managing urban stormwater 


Jiri Marsalek, Rivers Research 
Branch, recently co-authored a 
paper which reviews our 
changing perceptions of urban 
stormwater and its 
management. 


Historically, urban stormwater 
has been managed on the 
premise that it is a nuisance 
and should be drained from 
developed areas as quickly as 
possible. Little consideration 
was given to the environmental 
impacts of stormwater. 


In the last 25 years, however, 
our knowledge of these impacts 
has grown. We now understand 
that urban stormwater can have 
a profound influence on water 
resources in the watershed. It 
can widen streams, increase 
erosion, and cause local and 
downstream flooding. Moreover, 
the pollutants found in 
stormwater can have far- 
reaching effects on aquatic 
ecosystems, including impaired 
recreational water uses, toxic 
contamination, loss of aquatic 


habitat, and destruction of 
coldwater fisheries. 


The growth of the sustainable 
development philosophy has 
inspired a change in our 
attitudes towards stormwater 
management. Much progress 
has been made in controlling 
the amount of pollutants in 
runoff and _ integrating 
stormwater management 
methods and structures into the 
urban landscape. Of particular 
note is evolution of stormwater 


ponds which control the quantity 
and quality of the runoff while 
decreasing erosion, recharging 
groundwater, and providing 
valuable recreational amenities. 


The paper emphasizes the 
potential for reusing stormwater 
to meet some of our future water 
needs. It also summarizes the 
experience gained from several 
management case studies and 
outlines suggestions for future 
research into this issue. Some 
of these research issues are 


currently pursued in a 
collaborative study with Queen’s 
University in Kingston, Ontario. 


Contact: 

Jiri Marsalek 

Reference: 

MacRae, C.R. andJ. Marsalek, 1992. 
The role of stormwater in sustainable 
urban development. Proceedings of 
the Canadian Hydrology 
Symposium, No. URS MS be 
Hydrology: Its Contribution to 
Sustainable Development, 
Winnipeg, Manitoba, June 15-17, 
1992, pp372-389. 


Measuring ice jam thickness 


iver ice jams are a major 
> cause of flooding and 

related damage in Canada. 
They threaten navigation, 
damage structures (such as 
bridges), Sniterfere: with 
hydroelectric power production 
and destroy aquatic habitat. At 
the same time, our serious 
knowledge gaps regarding this 
phenomenon have limited our 
abilities to forecast ice jamming 
and avoid these consequences. 


The difficulty in measuring the 
thickness of these jams is one 
major research impediment. Ice 
jams formed during the spring 
thaw are usually unstable and 
can’t be safely measured by 
drilling through the ice. Other 
means for measuring ice jam 
thickness either rely on indirect 
measurements or require further 
development. Dr. Spyros 
Beltaos, Rivers Research 
Branch, working with Jerry Ford 
and Niels Madsen, Research 
Support Division, and Bill 
Moody, Research and 
Applications Branch, have 
developed a remote technique to 
safely measure the thickness of 
these jams. 


The team has designed a drogue 
which loses its buoyancy once it 
encounters an ice jam. It sinks 


to avoid the obstruction and then 
bobs back up to the bottom of 
tie-ice. As the river current 
drags it along the bottom of the 
ice jam, a radio transmitter 
reports the water pressure to 
the field party. Simple 
calculations are then used to 
convert this measurement into 
the thickness of the ice. The 
drogue is easy to operate, safe to 
use and has performed well in 
field trials on the Restigouche 
River, New Brunswick, and the 
Thames River, Ontario. The team 
may alter the drogue in the future 
so it can be released from and 
monitored by helicopter. 


GOING WITH THE FLOW: Frank Dunnet, Research and 


Knowing the thickness of ice 
jams will help us to predict how 
jams form and release, and 
estimate the severity of their 
effects. It will also help identify 
vulnerable points where blasting 
or ice breaking would be most 
effective in removing the jam. 


Contact: 

Dr. Spyros Beltaos 

Reference: 

Ford, J.S., Beltaos, S., Moody, W.J. 
and N. Madsen, 1991. Remote 
measurement of ice jam thickness. 
NWRI Contribution 91-80. 
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Applications Branch, activates a radio transmitter inside the 


buoyant drogue. 
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The impact of waste tires on aquatic ecosystems 


Close to 27-million rubber tires 
are discarded annually in 
Canada. Since rubber is 
considered to be relatively safe 
in the environment, many of 
these waste tires are re-used in 
road fill, fenders, artificial reefs 
and floating tire breakwaters. 
There have been few studies to 
determine the effects of placing 
tires in aquatic environments, 
and recently there has been 
speculation that tires release 
contaminants that may harm 
some aquatic organisms. Craig 
Bishop, Research and 
Applications Branch, along with 
Dr. Kristin Day and Janice 
Metcalfe-Smith, Rivers Research 
Branch, led a multidisciplinary 
study on the impact of tire 
‘leachate on the aquatic 
environment. 


The team contracted B.A.R. 
Environmental Ltd. to perform 
toxicity tests using leachates 
from three types of car tires: new 


tires, four-year-old used tires, 
and scrap tires that have been 
part of a floating tire breakwater 
for \over Aten .yearss ihe 
contractors performed acute 
lethality tests of the leachate on 
rainbow trout (Salmo gairdneri), 
fathead minnows (Pimephales 


Close to 27-million 
rubber tires are 
discarded annually in 
Canada. 


promelas) and a species of 
zooplankton (Daphnia magna). 


The leachates produced by the 
ten-year-old tires showed no 
toxicity to any of the test 
organisms. Leachate from new 
tires and the four-year-old tires 
were toxic to rainbow trout, 
although the other two test 
organisms remained unaffected. 
Further studies characterized 


the’. toxic substances (as 
persistent and non-volatile. 


The impact of these results still 
needs to be fully evaluated.The 
specific contaminants have not 
yet been identified, but NWRI 
scientists continue to analyze 
samples of the tire leachate to 
determine’ their cheéeniicat 
composition. 


Many agencies have shown 
interest in the study, including 
the Marine Forests Society (a 
society proposing to use scrap 
tires to construct marine habitat) 
and other government agencies. 
The study was partly funded by 
the Department of Fisheries and 
Oceans. SD am 


Contact: 

Craig Bishop 

Reference: 

BAR Environmental Ltd., 1992. 
Evaluation of the Potential Toxicity 
of Automobile Tires in the Aquatic 
Environment. 


Predicting the migration of radionuclides 


uclear accidents (such as 
N that at Chernobyl) deposit 

radioactive elements across 
surrounding landscape, where 
these elements slowly leach into 
receiving waters. Considerable 
quantities of radionuclides were 
also: released into, the 
environment during 
atmospheric testing of nuclear 
weapons throughout the 1950s 
and early 1960s. Dr. Sewak 
Joshi, Lakes Research Branch, 
has developed a model which 
predicts the aquatic migration 
of radionuclides that are 
uniformly distributed over 
drainage basin soils. 


Once; these “radioactive 
pollutants land on the soil, they 
can either migrate deeper into 
the ground or be removed in 
surface runoff. The chosen 
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pathway depends upon whether 
the radionuclide is present in 
solution or attached to soil 
particles.. Dr ~Joshi.shas 
incorporated this concept into 
his predictive model. The method 
requires only a few field 
measurements, rendering it 
much simpler and faster than 
previous prediction methods. 


The model was evaluated for the 
“pone-seeker” radionuclide 
strontium-90. Measurable levels 
of this radionuclide are present 
throughout the snortnern 
hemisphere as a result of fallout 
from prior weapons testing. The 
model-predicted fluxes of 
strontium-90 in the Ottawa and 
Winnipeg rivers compared 
favourably with long-term 
measurements. 


This approach will help improve 
the -ability to predietythe 
consequences ,.0f niclear 
accidents. It can also be 
extended to calculate the 
removal of other organic and 
inorganic pollutants which are 
uniformly distributed over 
drainage basins. Dr. Joshi 
intends to use this model to 
improve predictions of the 
persistence of radionuclides in 
the: Great Lakes:45=5 se 


Contact: 
Dr. Sewak Joshi 


References: 

Joshi, S.R. 1992. Prediction of runoff 
transport of fallout °°Sr. Submitted 
for publication in Health Physics. 


Informing 
the 
public 


Two displays produced for our 
1992 Open House are being 
adapted for teaching purposes 
outside the Institute. 


The Ontario Science Centre has 
expressed interest in using a 
computer program developed by 
Dr. Efraim Halfon, Lakes 
Research Branch, in the Great 
Lakes section of their 1993 
special exhibition on the 
environment. The program uses 
computer animation, voice and 
sounds to demonstrate how 
Environment Canada scientists 
study dissolved oxygen in Lake 
Ontario. A copy of the program 
is being modified by the Science 
Centre for their specific needs. 


Furthermore, «several local 
teachers and environmental 
non-government organizations 
have also expressed interestina 
computer screenshow on acid 
rain, produced by Dr. Dean 
Jeffries, Rivers Research 
Branch. The screenshow 
graphically presents general 
information on the origin of acid 
rain, its geographic occurrence 
in Canada and its effects on 
aquatic ecosystems. Copies of 
the program are available upon 
TEQHECSU a a = 


Contact: 
Dr. Efraim Halfon 
Dr. Dean Jeffries 


1992 Vollenweider Lecture 


r. Ulrich Férstner was awarded this year’s R.A. Vollenweider 

Lectureship in Aquatic Sciences. He presented his lecture 

“Contaminated Aquatic Sediments and Waste Sites as 
Toxic Chemical Time Bombs” on October 7 at the Canada Centre 
for Inland Waters. 


The lecture described a mechanism by which some “benign” 
waste deposits or contaminated sediments can eventually produce 
disastrous environmental damage. The buffering capacity of the 
soil or sediment in these sites can be exceeded as geochemical 
conditions change, resulting in an abrupt release of toxic chemicals 
into the environment. Dr. Férstner described the Elbe River 
estuary/Hamburg Harbour area as one example of these “time 
bombs”. He went on to advocate proactive assessment and 
management for these sites. 


During his visit, Dr. Forstner had a chance to talk with scientists 


from NWRI and the University of Waterloo. He also observed the 
environmental damage at Love Canal first-hand. 


Dr. Férstner was awarded the Vollenweider Lectureship for his 
outstanding contributions to the field of environmental 
geochemistry. He is Professor (Director) of the Division of 
Environmental Protection Technology at the Technological 
University of Hamburg-Harburg, sits on the Board of Directers for 
the Water Chemistry Group of the German Chemical Sociéty and 
is a member of several prestigious national and international 
organizations. He has authored over 240 publications, including 
the textbooks Metal Pollution in the Aquatic Environment, and 
Metals in the Hydrocycle. 


The Vollenweider Lectureship is awarded annually in honour of 


| Dr. Richard A. Vollenweider, who retired as NWRI’s senior scientist 


in 1982. Dr. Vollenweider’s research into eutrophication 
revolutionized modern limnology, and his name can be found on 
the United Nations Environment Programme’s “Global 500 Roll of 
Honour”. ee ae 
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Northern challenges 
NWRlI scientists study contaminants in the Canadian Arctic 


eter Amarualik has _ lived 
p almost his entire life north of 

the treeline. As with all Inuit, 
RClchmmES ares mn diaen IEStOnIC sarang 
intimate link with the land. For 
thousands of years the Inuit have 
relied on natural foods for their 
existence in the harsh and 
challenging arctic climate. 


But) this once*/ pristine - arctic 
environment is threatened by 
organic pollutants such as 
polychlorobiphenyls (PCBs), 
polynuclear aromatic hydrocarbons 
(PAHs) and pesticides. Most of these 
chemicals are produced and used 
thousands of miles south in North 
America and Eurasia, but are 
transported to the Arctic by air and 
water. Once in the Arctic, the low 
temperatures and the minimal 
sunlight during the winter season 
greatly inhibit the natural 
breakdown of these compounds. 
Melting snow then releases these 
pollutants into the aquatic 
ecosystem. 


The high proportion of body fat in 
arctic animals acts a sink for many 
persistent chemicals. This leads to 
the accumulation of contaminants 
in animals at the top of the arctic 
food chain. such) as) fish, “seals, 
whales and _ polar’ bears. The 
chemical burdens of these animals 
also raises concerns related to the 
diet of indigenous people who may 
depend upon them for their diet 


i+i 


Environment 
Canada 


(Kinloch et al. 1992). Since the 
cause of this regional problem is 
clearly international, the solutions 
will require international  co- 
operative actions based on solid 
scientific knowledge. 


Air, Water and Snow 

Amarualik serves as a field 
technician for NWRI = scientists 
working to address the problem of 
contaminants in the Arctic. The team 
of lakes and Rivers) Research 


The high proportion of 
body fat in arctic animals 
acts a sink for many 
persistent chemicals. 


Branch scientists are principally 
funded under the Green Plan’s Arctic 
Environmental Strategy. The 
Strategy, announced in May 1991, 
aims to preserve and enhance the 
integrity, health, biodiversity and 
productivity of the Arctic ecosystem. 
The action plan was developed by 
the Department of Indian and 
Northern Affairs in consultation with 
other federal departments, territorial 
governments and national naitve 
organizations. Its four-pronged 
approach addresses environmental 
problems related to contaminants, 
waste, water quality and quantity, 
and environment / economy 
integration. 


Environnement 
Canada 


NWRI research responds to policy 
objectives established under the 
Arctic Environmental Strategy, and 
findings are reported directly to 
science managers for appropriate 
response. Our scientists work in 
close cooperation with many other 
government and non-government 
agencies to gather and evaluate 
information related to the origin, 
trends and fate of trace organic 
pollutants in the Arctic. Their 
studies take them to the northern 
extremes of Canada and _ often 
subject them to temperatures of 
-30°C and below. 


Throughout the Canadian Arctic, 
snow samples are being collected to 
determine the annual deposition of 
contaminants from the atmosphere 
(seé;-page..3). | (Rivers vacross athe 
Northwest Territories are also being 
sampled to determine the sources 
of riverine contaminants and their 
contribution to the pollutants found 
in the Arctic Ocean (see page 7). In 
the west, NWRI scientists are 
comparing the relative importance 
of local and atmospheric sources of 
contaminants to the Yukon River 
basin (see page 6). Still others are 
studying the pathways and 
behaviour of contaminants in 
freshwater systems by focussing on 
a small lake basin located on 
Cornwallis Island, Northwest 
Territories (see page 3). Finally, at 
about 1100 km south of the North 
Pole, NWRI scientists are studying 
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historic trends in contaminants by 
analyzing the chemical composition 
of snow and ice preserved in the 
Agassiz Ice Cap on Ellesmere Island 
(see page 6). 


These studies combine with other 
national and international research 
initiatives to fulfil specific knowledge 
requirements identified under the 
Arctic Monitoring and Assessment 
Program (AMAP). The AMAP is a 
major component of the Arctic 
Environmental Strategy, signed by 
the eight circumpolar countries 
which share jurisdiction of the 
Arctic. The AMAP is directed by an 
international Task Force’ which 
oversees the development and 
implementation of a series of plans 
to ensure collection of relevant and 
comparable circumpolar data under 


five themes: freshwater, 
atmosphere, marine, terrestrial and 
human health. The Canadian 


delegation is lead by Dr. David Stone 
of Indian and Northern Affairs, and 
includes Dr. Rod Allan, Director of 
the Lakes Research Branch at NWRI. 


Russian Partners 


Canada and Russia hold the largest 
geographical interests in the Arctic 
and in 1991 a workplan’ was 
developed between the two countries 
to undertake cooperative research. 
This workplan is led by Indian and 
Northern Affairs but much of the 
work is undertaken by scientists 
within Environment Canada and 
Fisheries and Oceans Canada. 
Within Environment Canada, the 
main participants are the 
Atmospheric Environment Service, 
the Canadian Wildlife Service and 
NWRI. 


NWRI scientists are pursuing 
cooperative interests with the world- 
renowned Arctic and _ Antarctic 
Research Institute (AARI) in St. 
Petersburg, Russia. Much of the 
AARI research into trace organic 
contaminants in the Arctic coincides 
with NWRI responsibilities in Arctic 
Canada. Steps are now being taken 
to assess the comparability of 
existing data between the two 
institutes and to develop a 
cooperative, bilateral program for 
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the future. This kind of cooperative 
work will prove invaluable in 
providing both a better 
understanding of contaminants in 
the arctic” ecosystem © and» the 
scientific basis for sound 
management decisions. *— 


Contact: 

Dr. Rod Allan 

Reference: 

Kinloch, D., Kuhnlein, H., and D.C.G. 
Muir, 1992. Inuit foods and diet: a 
preliminary assessment of benefits and 
risks, JUCme SGlenGe. Of mathe Loral 
Environment 122: 247 - 278. 


Contaminant Origins 


The atmospheric 
transportation of semi- 
volatile trace organic 
compounds and other 
contaminants to the Arctic is 
thought to occur primarily 
during the winter season 
when the polar front extends 
southward into the industrial 
and agricultural heartlands 
of North America, Europe and 
Asia. The general winter 
atmospheric circulation 
pattern i forit the noxther 
hemisphere, as_ illustrated 
here, is characterized by 
movement of air masses from 
the Eurasian continent into 
the Arctic with dispersal out 
over North America. During 
the summer, atmospheric 
circulation is dominated by 
flow off the north Pacific and 
Atlantic with outflow over 
both Eurasia and North 
America. 


There are few local sources of waste in the Arctic. One group of prominent 
local sources is the abandoned Distant Early Warning (DEW) sites. This 
chain of radar stations established across the North in the 1950s formed 
part of the continental defence system until advanced technology rendered 
them obsolete a little over a decade later. The PCBs which contaminated 


many of these sites 


have been addressed 


in an interdepartmental 


cleanup which began in 1985. Other waste sites that may be hazardous, 
or merely unsightly, include numerous drum disposal sites as well as 


both active and abandoned mine sites. 


Impact from such sites tends to 


be localized and is generally not the focus of the NWRI research program. 
One possible exception is the Yukon River / Lake Laberge system where 
high levels of pesticides and PCBs found in the aquatic system may have 
resulted in part from waste disposal during and after construction of the 


Alaska Highway (see page 6). 


snowfall brings airborne pollutants down to earth 


recipitation is one means by 
which the atmosphere is 
scrubbed of its burden of 
contaminants. Snow, the dominant 


form of precipitation throughout 
thes arciiew iss overy .<étfective, at 
scavenging certain compounds. 


Consequently, the measurement of 
contaminants in annual snowpack 
provides a good first estimate of 


contaminant deposition from. the 
atmosphere during the winter 
season. 


For several years, NWRI scientists 
have documented the annual 
contaminant deposition to the arctic 
snowpack. In 1992, the number of 
sampling sites was expanded to 
cover the entire Canadian Arctic 
(see centerspread). Sampling begins 
in the Yukon and Mackenzie Valley 
in mid-March and _ continues 
through to the high arctic in May. 
This ongoing work supplies data for 
a snow melt model which will 
provide a_ total contaminant 
transport budget for the Arctic 
region. The contaminant runoff from 
the intensive basin studies on 
Amituk Lake (see below) and the 
loadings determined at the mouths 
of major river systems (see page 7) 


Melting snow 


tmospheric contaminants 
that accumulate in the snow 
are released during a_ very 


short time in the spring when the 
snow melts and is washed out 
through rivers and lakes into the 
Arctic Ocean. However, since 
contaminants can be bound to 
substrates, taken up by organisms, 
or otherwise transformed en route, 


the full amount of chemicals 
deposited in the snow doesn’t 
necessarily enter the marine 


environment with the melt water. 
NWRI scientists are working to 
quantify the pathways and 
behaviour of these contaminants 
as they are transported towards 
the ocean. 


The team, working in cooperation 
with the Inland Waters Directorate 


will provide calibration and 
evaluation terms for this model. 


Snow Collectors 


NWRI scientists have designed large 
surface area snow collectors in an 
effort to better understand precisely 
when contaminants are deposited 
to the snowpack over the winter 
season. These collectors measure 
persistent organic pollutants in fresh 
snow on a weekly basis. During the 
winter of 1992-93, five of these 
collectors will be operated (see 
centerspread for locations). In 
addition, a small area snow collector 
will be operated in a high snowfall 
area of northwestern British 
Columbia (approximately 40 km 
from the Pacific Ocean) to compare 
the chemistry of snow from Pacific 
air masses to that from arctic air 
masses. 


Two of the snow collectors are co- 
located with air samplers which 
measure the same contaminants in 
the atmosphere and are operated by 
the Atmospheric Environment 
Service. Together, these data will 
provide a better understanding of 
the sources and timing of delivery of 
these contaminants to the Arctic. 


(Yellowknife) and with students from 
the Arctic’ College in Iqaluit, are 
developing a hydrological and 
chemical budget for a small lake 
basin on the east coast of Cornwallis 
Island, Northwest Territories (see 
centerspread). In , 1992 “a (semi- 
permanent field camp and_ year- 
round, automatic weather station 
were established at Amituk Lake. 
Initial field measurements permitted 
an Mestimndates ote ithe. ,achemical 
transport of surface runoff into and 
outflow from the lake. 


During 1993, the field season will 
be extended to allow chemical and 
flow measurements for the entire 
runoff period, which lasts roughly 
from June until late August when 
temperatures plummet and_ the 
rivers freeze once again. Further 


Arctic vs Great Lakes 


Data from the snow collector at the 
Mould Bay weather station (see 
centerspread) clearly demonstrate 
that remoteness from the source of 
pollutants provides the Arctic with 
little protection. Measurements 
retrieved from the collector during 
the winter of 1990-91 revealed daily 
deposition rates of PCBs that are 
comparable to those measured for 
the Great Lakes region. Even more 
surprising, the daily deposition rate 
of the chlorinated pesticide lindane 
at Mould Bay averaged 3.2 ng.m?”, 
which is about 100 times higher 
than the average reported rate for 
the Great Lakes region. ——2x— 


Contact: 

Dr. Dennis Gregor 

References: 

1) Barrie, L. A., D. Gregor, B. Hargrave, 
R. Lake, D. Muir, R. Shearer, B. Tracey, 


and T. Bidleman, 1992. Arctic 
contaminants: sources, occurrence and 
pathways. Science of the _ Total 
Environment 122:1-74. 


2) Gregor, D. J. and Wm. Gummer, 1989. 
Evidence of atmospheric transport and 
deposition of organochlorine pesticides 
and PCBs in Canadian Arctic snow. 
Environmental Science and Technology 
23(5):561-565. 


carries pollutants to the ocean 


studies will include an investigation 
of lake processes which affect the 
distribution and movement. of 
organic contaminants and a study 
off thes, exchanses of  speciiic 
contaminants between the 
snowpack or lake surface and the 
atmosphere. 


Hydrochemical data from this study 


will be used in a model being 
developed at the University of 
Toronto. This mass balance model 


will be generally applicable to arctic 
lakes for a variety of contaminants. 


Contact: 
Ray Semkin 
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ARCTIC CONTAMINADR 
‘RAVAUX DE RECHERCHE SUR L 


€ Dr. Andrew Peters collects a water 
sample from the Thelon River. 


Andrew Peters recueille un échantillon 
d’eau de la riviére Thelon. 


@ - Alert weather station o #& - sites de prélevement dela @ - station de méteo d’Alet 


sampling site a lo -neige accumulée en 1992 
& -1992river == @ - Mould Bay weather station 4 - sites d’éechantillonnage @ - station de méteo Moul 
_ Samplingsites a oe . des cours d’eau 
- weather stations © - Whitehorse | f& - stations de méteo © - Whitehorse 
L : Yukon River » i N -- bassin du fleuve Yukon Q. Tagish 
A -AmitukLake —~ Snare Rapids A - études sur le bassin “+ fapides Snare 
: study basin @. du lac Amituk e 
- B -AgassiziceCap ~~ Fraser, B.C. B - pergélisol Agassiz 7 > Fraser, C.-B, 
- Southern a - Area north of tree line = limite sud du pergélisol - region au nord de la lin 
boundary of des arbres 


continuous permafrost 


Graphics by J. Wotherspoon/NWRI/RSB/CPS/GRAPHICS 


-ESEARCH ACTIVITIES 
CONTAMINANTS DE L’ 


Snow samples are collected annually > 
for contaminant analysis. 


Des échantillons de neige sont 
recueillis chaque année pour 
l’analyse des contaminants. 


reka 


. ae a ae . carotte — 
_. de neige du bassin lac Amituk. 


Contaminant history recorded in ice caps 


ce caps are vast masses of ice 
| and snow that cover large land 

areas in the polar regions. Ice 
caps in the Arctic and Antarctic are 
built up of snow which has fallen 
over thousands of years. The snow 
and air bubbles locked in the ice 
cap provide a historic record of the 
chemistry of the earth’s atmosphere 
at the time the snow was deposited. 
NWRI scientists are analyzing 
samples of snow and ice from an 
arctic ice cap to reveal the record of 
industrial and agricultural chemical 
pollution in the Arctic. 


The first NWRI experiments began 
in 1986 on the Agassiz Ice Cap on 
north central Ellesmere Island (see 
site B on map) and determined that 
pesticides and other persistent 
organic pollutants could be 
quantified in the snow layers. This 
led to an extensive “dig” in the spring 
of 1987 to sample 17 years of snow 
accumulated on the ice cap. 


The raw data indicate that PCB 
residue in the Ice Cap (solid line in 
the figure) decreased by a factor of 
about three between 1969-70 and 


Glacier ice 
over 100 000 years 
old is found at the 

base of many 
Canadian Arctic 


ice caps. 
[Source: A Primer on Water) 


1986-87. Both the emission ~ total PCB (ng/m?) 

of these contaminants, their é 100 200 300 400 
delivery or deposition to the 0-4 pees 
Ice. | Cap. sand ae possipie fe 
revolatilization can _ vary ff eee a 
annually due to. natural J 3 1984 / 85 
phenomena. The dashed | 1983 / 84 
line in the figure is an BR Tos leases 
attempt to adjust the PCB | r 
residues found in the Ice|€ ae 
Cap for the variable delivery.)g = | | 1980 / 81 
Here the PCB data are|£ i eee 
normalized with a natural)? a Be 
radionuclide derived from £ go 4 Were apne 
the earth’s surface. As the|€ a” Pee a 
releases of this radionuclide ® pa 
remain constant from year 4 Roeann 
to year, variability in the ee Fagg, 
abundance of the | i wee 
radionuclide in the snow can, 6005 adjusted ncehaee 
be assumed to approximate i eee 
the variability in| 3 rages 


contaminant delivery via the | 
atmosphere. These adjusted 
data “suggest. 7 thatays tie t-. 2 ste, Oe : 
accumulation of PCBs in the Ice Cap decreased by approximately a factor 
of two over this 17-year period. While this is less than suggested by the raw 
data, it is nevertheless encouraging. 


a 1986 samples 
= 1987 samples 


The Ice Cap is sampled annually to continue measurements of the 
deposition of persistent organic pollutants. A major expedition is planned 
for March 1993 to extend this contaminant profile back to the 1940’s 
(about the earliest that any of the chlorinated compounds such as PCBs 
were used). 


Contact: 

Dr. Dennis Gregor 

References: 

1) Barrie, L. A., D. Gregor, B. Hargrave, R. Lake, D. Muir, R. Shearer, B. Tracey, and 
T. Bidleman. (1992). Arctic contaminants: sources, occurrence and pathways. 
Science of the Total Environment 122:1-74. 

2) Gregor, D. J., 1991. “Trace organic chemicals in the arctic environment”. In: 
Pollution of the Arctic Atmosphere, W.T. Sturges (ed.), Environmental Management 
Series, J. Cairns and R. M. Harrison (Series Editors), Elsevier Science Publishers 
Ltd., Essex, England, pp. 217-254. 


Contaminants in the Yukon River basin 


On May 8, 1991, a Health Advisory 
was issued by the Yukon Medical 
Officer of Health on behalf of Health 
and Welfare Canada, advising " 
people not to consume any burbot 
liver and to limit their consumption 
of lake trout fillets from Lake Laberge 
due to elevated toxaphene levels." 
All other fish were considered safe 
for consumption. 


Unlike most of the contaminants in 
the Canadian Arctic, those found in 
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this region were once used locally. 
In fact, there may be contaminated 
disposal sites which remain 
unidentified. NWRI scientists, in 
cooperation with research partners 
from the Atmospheric Environment 
Service, Environmental Protection, 
Fisheries and Oceans, and Indian 
and Northern Affairs, are working to 
identify local contaminant sources 
and compare their contribution to 
local pollution to that of 


atmospherically 
contaminants. 


transported 


NWRI scientists performed an initial 
survey of the Yukon River basin in 
March 1992 to identify inputs to the 
river from known disposal sites. At 
that time, they found that the largest 
dump site in the area, located on 
the banks of.cthés Yukon™ River 
downstream of Whitehorse, was not 
contributing significant amounts of 
PCBs to the river. In fact, the PCBs 


in small ponds at the base of the 
dump had a chemical signature 
comparable to that of the snow in 
the headwater portion of the basin, 


which suggests a predominantly 
atmospheric source. 
Currently, a more extensive 


sampling program is underway in 


the basin to investigate year-round 
atmospheric deposition. Snow 
collectors are being operated at three 
sites in the basin (see centerspread), 
one of which is co-located with an 
air sampler. Furthermore, a rain 
and dust sampler will be installed 
and operated during the summer 
season. More intensive site 


investigations and riverine 
contaminant loading measurements 
to Lake Laberge are planned for the 
1993 field season. 


Contact: 


Dr. Dennis Gregor 
Dr. Mehran Alaee 


Contaminants in arctic rivers 


Rivers comprise the largest source 
of freshwater to the Arctic Ocean. 
The Mackenzie River, the fourth 
largest of the world’s rivers draining 
to the Arctic ocean, contributes 
approximately 16 per cent of the 
total riverine flow to the Ocean and 
drains about 1.8 million square 
kilometres. The combined volume 
of the Mackenzie and other northern 
Canadian rivers gives them the 
potential to transport large 
quantities of pollutants to the ocean, 


especially during the snowmelt 
season. 

NWRI | scientists are currently 
investigating arctic. rivers to 


determine the quantity of organic 
contaminants in these rivers as well 
as the sources of these 
contaminants. These data will also 


Perhaps one of the most 
interesting personal 
advantages of working in 
the North is the spirit of 
cooperation and _ support 
that eXists among 
personnel facing the 
natural elements and 
remoteness of the Arctic. 
NWRI _ scientists work 
closely with a variety of 
federal agencies and other 
organizations to share 
resources and develop joint 
research undertakings. 
Special mention must be 
made of the Department of 
Indian and Northern 
Affairs, as well as staff of 
the High Arctic weather 
stations and the Polar 
Continental Shelf Project 
for all their financial and 
research support." *— 
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provide an_ estimate of total 
contaminant loadings to the Arctic 
Ocean from Canadian rivers for 
comparison with all other riverine 
sources. 


Emphasis has been placed on the 
Mackenzie River. Scientists collected 
water and suspended = sediment 
samples from three locations near 
the mouth of the river during the 
open water season. Eleven other 
major rivers in the Northwest 
Territories were also sampled to 
allow a comparison of contaminant 
levels. These data, although limited, 
will provide the first information 
regarding the transport of persistent 
organic pollutants in these rivers. 
All samples are being analyzed for 
over 150 organic contaminants such 
as pesticides, PCBs and PAHs. 


Additional sampling is planned for 
1993 to provide data for the rivers at 
different times of the year (e.g., when 
they are affected by seasonal 
changes such as ice cover and 
snowmelt). These data will for the 
first time characterize contaminants 
in northern Canadian rivers. In 
addition to providing information 
essential to Canada for managing 
our natural resources, these data 
will contribute directly to that part 
of the Arctic Monitoring and 
Assessment Program directed 
towards estimating riverine loadings 
of contaminants to the Arctic Ocean. 


Contact: 
Dr. Dean, Jeffries 
Dr. Andrt Peters 


Our Major Arctic Research Partners 


Environment 


Canada 


Atmospheric Environment Service 
(Downsview, Winnipeg and the High Arctic Weather Stations) 
Environmental Protection (Whitehorse) 

Water Resources Branch, Inland Waters Directorate 
(Yellowknife) 


Other federal departments 
Department of Fisheries and Oceans 
(Freshwater Institute Winnipeg, Manitoba; Institute of Ocean 
Sciences, Sidney, B.C.; Bedford Institute of Oceanography. 
Halifax, N.S.) 
Energy, Mines and Resources Canada, Polar Continental Shelf Project 
Indian and Northern Affairs Canada (Ottawa, Yellowknife and 
Whitehorse) 


Other organizations 


and government 


agencies 


Arctic College, Iqaluit 
Government of Northwest Territories, Renewable Resources 
; Department 
Narwhal Arctic Services, Resolute Bay, NWT 
Science Institutes of the Northwest and Yukon Territories 
University of Toronto 
Yukon College, Whitehorse 
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Harbour 
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Identifying the 


sources of 


crude oil spills 


Environment 
Canada 


ould you even attempt to 
ee 4 \YV draw a straight line with 


acrooked ruler? Probably 
not. In environmental science, a 
-cChooKked ruler vcan lead’ to 
inappropriate management 
decisions, wasted dollars and 
hazards for both ecosystem and 
human health. 


Never before have so many pivotal 
decisions regarding our 
environment, health and the 
economy depended on the quality 
of chemical data. In a field where 
one part per billion and one part 
per million are as different as Lake 
Superior and Love Canal, it is 
essential to put in place a series of 
checks and balances to ensure the 
credibility of chemical data. 


NWRI has become a leading force 
in ensuring the quality of 
environmental data generated in 
many government, university and 
private laboratories through its 
Quality Assurance (QA) Project. 
The QA team coordinates and 
executes interlaboratory 
comparison studies to help identify 
sources of error. They also create 
Certified Reference Materials 
(CRMs) which are used to evaluate 
new equipment or methods, gauge 
laboratory performance and 
perform precision-oriented 
environmental research. 


Environnement 
Canada 


Round Robin Studies 
Stacked in a poorly lit corner of 
NWRI are literally thousands of 
empty whisky bottles. No, your 
tax dollars aren't being spent on an 
expensive habit--the bottles are 
actually the container-of-choice for 
distributing water samples 
containing toxic organic 
substances. Samples of inorganic 
and organic toxic substances in 
both sediment and water are sent 
across the country in the QA team’s 
interlaboratory (or “round robin”) 
comparison studies. 


Round robins allow program 
managers to see how their 
laboratories compare in terms of 
quality. They involve providing 
identical sets of environmental test 
samples to various laboratories. 
Each laboratory analyzes the 
sample for specific constituents 
and sends back the results to NWRI. 
DhesQaAy team. compares athe 
accuracy and precision of the test 
laboratories and prepares a 
summary and a final QA report. 
This valuable feedback can identify 
erratic performance, complete 
failure of a particular method, or 
operational blunders which may 
be generating bias or imprecise 
results. It also allows laboratories 
tor -seeshow: they rate; thereby. 
providing the impetus to initiate 
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corrective actions and improve their competitive 
advantage. The QA team executes performance studies 
for a variety of environmental programs, including the 
Great Lakes Action Plan, the Fraser River Action Plan 
and the Long-Range Transport of Air Pollutants Program 
(LRTAP). Ultimately, the final measure of success for 
interlaboratory audits is improved performance. 
Figure 1 (opposite page) graphically depicts the dramatic 
improvement in one laboratory’s performance due to 
participation in the NWRI QA program. 


Accuracy vs precision 


Accuracy and precision are considered by 
many to be synonymous, when in 
actuality they’re quite different. Take a 
look at the diagrams below. The bull's- 
eye on each target represents the correct 
value of a standard sample that would be 
sent out to various laboratories. 


_—_}—~ 


ae i 


The LRTAP studies also highlighted the uncertainties in 
pH measurements used for the acid rain reports that air 
on the Weather Channel. Most of the five stations in 
eastern Canada are staffed by non-professionals trained 
by the Atmospheric Environment Service to take 
measurements of acid rain. Upon request, the QA team 
sent a set of control samples to each station and confirmed 
that there were some errors resulting from various 
factors, including a radio transmitter which was located 
near one of the stations. The errors have since been 
corrected, and NWRI regularly provides an acid rain kit 
to each station in order to ensure uniform and accurate 
readings. 


apy 


When lab results are both precise and 
accurate (case 1), all the results are very 
close to the bull's-eye. 

% 
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Quality Spies 

While interlaboratory studies can be extremely useful, 
they may not always represent the true quality of a lab’s 
performance. Each of the participating laboratories is 
informed as to what is going on and has the opportunity 
to apply a little “spit and polish” to its lab performance. 


One way to glean more realistic, unbiased information is 
to sneak a reference material into a batch of regular 
environmental samples. This backdoor (or “blind”) 
approach often reveals intriguing insights into laboratory 
performance. This highlights many undiscovered 
problems and many program managers will swear by its 
usefulness in monitoring environmental laboratories. 


The scattergun effect in case 2 is an 
example of imprecise measurements. 
There’s no real pattern to these results 
and the errors could represent shoddy 

laboratory techniques. 


aid 


Certified Reference Materials 


CRMs and their close cousin Reference Materials (RMs) 
provide an excellent means to hammer out the “kinks” in 
a crooked ruler. They are also used to evaluate the 
sensitivity and effectiveness of newly developed 
measurement techniques and equipment. The QA team 


x 
ae 
%* 


D 


sends these standard mixtures out across Canada and to 
a growing international market. 


Case 3, on the other hand, could be 
described as precisely inaccurate. The 
same degree of error is incurred every 
time which often symbolizes a simple 
calibration or contamination problem 

which can be easily rectified once 
identified. 


Both CRMs and RMs are stable, homogenous and well 
characterized reference materials.The difference between 
the two is a matter of stringency. The material for each 
CRM is tested at least 500 times by numerous methods 
to ensure that the chemical composition is certified 
within a very small degree of error. RMs are similar, but 
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and considered the biased parameters plus percentage of | them to perform their best 

forerunners to CRMs. e flagged results (Maximum score 200%) and meet exacting 

CRMs and RMs are derived 80 Poor Standards for quality. 


from natural sources. Keijo 
Aspila often frequents 
greenhouses to collect the 
large volumes of water 
required for RMs of toxic 
rain and acid rain. The rain 
is collected from 
thunderstorms of southerly 
origin in the hope of 
capturing elusive toxic 
chemicals that are carried 
in the atmosphere and fall 
to earth in rain. 


Laboratory Performance 


The team prepares a wide 
range of RMs for water 
analyses and certified 
reference materials CRMs 

for sediment analyses. 
These include the world’s 
first lake sediment CRMs for 
polynuclear aromatic 
hydrocarbons, chlorobenzenes, 
polychlorinated biphenyls and 
selenium. Each year adds new 
CRMs and RMs to the NWRI list, 
as the QA team expands its 
services. 


Accrediting 
Laboratories 


One way to ensure a uniform 
scale of quality across the 
country is through a national 
accreditation program. NWRI 
was instrumentalin establishing 
the Canadian Association for 
Environmental Analytical 
Laboratories (CAEAL). CAEALis 
an independent, not-for-profit 
association which provides an 
accreditation program for 
environmental laboratories. 
This program complements 
NWRI's interlaboratory studies. 
Initiated in 1989, the 
Association’s members now 
number 275, with 100 certified 
labs. 


CAEAL enhances competition 
between environmental 


40— 


Already, several regulatory 

agencies require CAEAL (or 

equivalent) accreditation 
; from their contracted 
Gn 'vV.Eb Fock my Cn va | 
laboratories. While CAEAL 
traditionally deals with 
laboratories which perform 
—z— chemical investigations, 
e they will soon begin to 
accredit laboratories which 


® Moderate 
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iv Satisfactory | perform biological testing. 
0 | Contact: 
1983 84 85 86 87 88 89 90 91 Alfred Chau 
Year Keijo Aspila 


Dr. John Lawrence (CAEAL) 
Figure 1: Lab Performance 


Reference: 
A Manual for Effective Interlaboratory Quality Assurance, coordinated by 
K.I. Aspila, NWRI Contribution 89-99. 


1992-1993 GLURF recipients 
ongratulations to this year’s Great Lakes University Re- 
‘ search Fund (GLURF) recipients! GLURF fosters multi- 
disciplinary partnerships between federal and university 
scientists, and encourages new scientists to study Great Lakes 
issues. 


The 16 projects funded for 1992-93 will fill knowledge gaps in such 
areas as remediating contaminated groundwater, mapping pollut- 
ant point sources and monitoring changes in public perception of 
water pollution issues. These scientists submitted proposals which 
will be funded: 


UNIVERSITY OF TORONTO 
Dr. Lino Grima 
Dr. Ken Howard 
Dr. Brent Sleep 
Dr. Gary Sprules 
UNIVERSLTY OF WATERLOO 
Dr. George Dixon 
Dr. Marie Sanderson 


Dr. Bill Taylor 
Dr. Richard Thomas 


UNIVERSITY OF WINOSOR 
Dr. Khosrow Adeli 
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McGIiLL UNIVERSITY 
Dr. Jean-Simon Blais 
MCMASTER UNIVERSITY 
Dr. Martin Daly 
Dr. Jim Kramer 
Dr. Bill Morris 
Dr. Jack Rosenfeld 
MEMORIAL UNIVERSITY 
Dr. Teofilio Abrajano 
UNIVERSITY OF GUELPH 
Dr. Ramesh Rudra 


Canadian children speak out on 
Environment Week 


Once Upon a Time 


by Robin Campbell 
FINALIST: SENIOR OLVISION 


Once upon a time there was a 
beautiful, clean world. The air 
was clear, you could drink the 
pond water, the dumps were 
empty and the roads were clean. 
But a long time later the air got 
smoggy, and the lakes and ponds 
were polluted with cans, bags 
and chemicals. The dumps be- 
came larger and more numer- 
ous, and the roads were the 
peoples’ garbage cans. Now the 
environment is even worse. 


If I were Prime Minister for a 
day, there isn’t much I could do 
because it would take a few years 
to even start cleaning up the 
environment. And even then it 
would still be pretty messed up. 
What you can do is use 
composters, buy biodegradable 
items instead of degradable ones, 
and practice the 3 R’s (reduce, 
reuse, recycle). Also, you can 
organize groups in your com- 
munity to have a “trash” day 
once each month and go around 
your city and pick up any gar- 
bage you find and recycle it, if 
possible. Or plant trees. Maybe 
some people can go down to the 
dump and pick up any recycla- 
ble items that they find. And 
even on your own time, you can 
pick up any garbage you see 
when you go for a walk. 


You can’t do much in a day, but 
if everybody pitches in, maybe 
inadecade or so the world would 
be somewhat like “once upon a 
time.” To fix the environment 
wouldn't be just for us, but for 
our children and theirs and 
theirs and so on. Land is the 
only thing that matters; the only 
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Sometimes our most valu- 
able insights into ourselves 
are reflected in the words of 
our children. As part of this 
year’s Environment Week 
festivities, we organized an 
essay writing contest to let 
Canadian children tell us | 
what sustainable develop- 
ment means to them. All 
the participating schools 
had the opportunity to learn 
about sustainable develop- 
ment through the 1992 
Canada Centre for Inland 
Waters Open House. The 
essays show us how well 
our young visitors have 
incorporated this concept 
into their daily lives. Cana- 
dian children are develop- 
ing a keen sense of environ- 
mental integrity and realize 
that they can make a differ- 
ence in our world. Pre- 
sented here are the three 
recipients of our “Environ- 
mental Citizen of the Future 
Award.” 


thing that lasts. Do you want 
your children, grandchildren 
and great-grandchildren to 
breathe foggy, smoggy air; not 
being able to go for a swim with- 
out getting sick and living next 
to a garbage dump? It is bad 
now, but if this keeps up at the 
same rate there will be nothing 
left. If you start now and keep 
trying to help, you can have 
clean air, water and streets. | 
think that most people do want 
this but you have to help. Now. 


Robin Campbell is currently finish- 
ing Grade 8 at Humbercrest School 


in Toronto. 


Let’s Take a Stand 


by Krystal Langenberg 


FINALIST: JUONLOR OLVISLON 


Would you like your children to 
see the beautiful trees, the lovely 
flowers or the cute little ani- 
mals? Well then, “Stop Pollut- 
ing!” If we don’t, then our chil- 
dren won't be able to see these 
wonderful things. My essay is 
about the environment. It talks 
about the ozone layer, pollu- 
tion, animals and how we should 
help our earth. 


By the time our children are 20 
years old, they will have to wear 
special suits to stop them from 
burning -- that is; if we keep on 
polluting the earth and destroy- 
ing our ozone layer. The ozone 
layer is almost like a layer of 
skin. It protects us from the 
sun’s harmful rays. Unfortu- 
nately, that layer of skin around 
the earth is getting thinner and 
thinner. The causes are cars, 
trucks, factories and us. 


We are a major cause of pollu- 
tion. We think that one little 
piece of garbage won’t hurt the 
earth ifwe throwit on the ground. 
But since there are 26 million 
people in Canada, that would 
mean 26 million pieces of gar- 
bage. Everyday, many of our 
older factories cause air pollu- 
tion that will end up polluting 
our lakes in the form of acid 
rain. 


Today, many of our animals are 
on endangered lists because of 
pollution and people taking away 
their places to live. Because of 
oil spills, like the one in Alaska, 
many birds and seals that were 
in the ocean ended up dying 
there. The oil got into their 


feathers and fur coats and they 
could not fly or protect them- 
selves from the cold. 


There are many ways that we 
can help our environment. Ifwe 
all try to do at least one thing 
every month, the earth will bea 
better place to live. Some of the 
things we should do are: plant 
a tree, turn the lights off after we 
leave a room, separate the gar- 
bage so that itis recyclable, pick 
up any garbage that we see lying 
around, turn the water off while 
brushing our teeth, re-use plas- 
tic grocery bags when we go 
shopping, and remember--try 
not to pollute our earth, we need 
it for our children. 


Krystal Langenberg is currently fin- 
ishing Grade 6 at St. Vincent School 
in Oakville. 


Sustainable 
Development 


by Lauren McEachern 
FINALIST: PRIMARY OLVISLION 


I am very concerned about the 
environment. It needs to be 
cleaned up and I have an idea. 


Ifall the schools across the world 
went around their neighbour- 
hoods and picked up the gar- 
bage, it would make a big differ- 
ence. We can make bigger fines 
for dumping garbage. To help 
air pollution, we should find a 
non-polluting form of transpor- 


tation like bikes or we could 
take buses and subways to work, 
schools and stores. 


Think of our poor rainforests. 
Just think that people could 
save one acre of rainforest for 
just $25. 


Lauren McEachern is currently fin- 
ishing Grade 4 at Rolling Meadows 
Public School in Burlington. 


Hamilton Harbour sediments improving ~ 


ver $700 million has 
@) already been spent by 
industry and munici- 


pal governments to reduce the 
amount of nutrients and con- 
taminants entering Hamilton 
Harbour. A study by Lakes Re- 
search Branch scientist Dr. 
Micheline Hanna shows that the 
harbour’s benthic community 
is starting to bounce back in 
response to these and other res- 
toration measures. 


The number and diversity of 
benthic invertebrates (bottom 
dwelling organisms) is one way 
to gauge the ecological stress 
caused by polluted sediments. 
During the 1960s, the benthic 
community of the harbour was 
typically composed of a few pol- 
lution-tolerant species. 


Dr. Hanna’s study revealed that 
the community is now much 
more diverse. Since 1964, the 
overall number of benthic inver- 
tebrate species has jumped from 
3 toad, At the: same time sthe 
number of pollution-tolerant 
oligochaete worms has dropped 
from 9 to 5. Moreover, the har- 
bour is now home to types of 
worms and insects which are 
more sensitive to pollution, such 
as L. profondicola, Dicrotendipes 
sp. and Parachironomus sp. 


While these improvements are 
substantial, the aquatic com- 
munity still has a long way to go 
before it can be considered fully 
restored. The benthic commu- 
nity still reflects an environment 
that is nutrient-rich, and over 
65 per cent of the sites that were 


examined were diagnosed as 
moderately to heavily polluted. 


Dire, Hanna, sampled. tie 
sediments four times during the 
summer and found that species 
diversity was highest in August 
when the harbour waters were 
warmest. She recommends that 
future monitoring of benthic in- 
vertebrates focus on this time 
period to ensure a consistent 
assessment of the community’s 
response to restoration meas- 
Ures = =— 


Contact: 
Dr. Micheline Hanna 
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Identifying the sources of crude oil spills 


inpointing the geo- 

graphic origins of an oil 

spillis important to en- 
sure that the parties responsi- 
ble for the spill are accountable 
for its clean-up. Identifying the 
source of crude and partially 
refined oils has in the past been 
an, dnrprecise) process. 2x. 
Suzanne Lesage, Dr. Hao 
Xu and Susan Brown, Riv- 
ers Research Branch, 
have developed a novel 
method that. .juses 
petroporphyrins to iden- 
tity. thes: sources of 
unrefined oil spilled onto 
soil and into groundwater. 


Petroporphyrins belong to 
a larger class of com- 
pounds called porphyrins 
that are commonplace in 
nature. Porphyrins pro- 
vide the active centres for 
haemoglobin and chloro- 
phyll molecules. They are 
located “at: thes hearty of 
many detoxifying en- 
zymes found in both 
mammals and bacteria, 
and may play an impor- 
tant role in 
bioremediating contami- 


7) 
ty 
O 
oa 
LU 
O 
2 
x 
jaa] 
oc 
O 
D 
faa) 
< 


nated soils and 
groundwater. 
The "petroporphyrins 


found in crude oil are the 
product of the metabo- 
lism of chlorophyll by mi- 
croorganisms and are 
usually complexed with 
metals they have scavenged from 
the environment; predominantly 
nickel and vanadium. The 
chemical identity of 
petroporphyrins varies between 
sources, depending upon the 
biological conditions inherent to 
each site. Using High Perform- 
ance Liquid Chromatography, 
the NWRI scientists can differ- 
entiate between these various 
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compounds based on the differ- 
ent alkyl substituents attached 
to each porphyrin ring. Each 
crude oil sample produces a dis- 
tinct petroporphyrin “finger- 
print” which links the sample to 
its geographic origins. By com- 
paring these fingerprints, the 
NWRI team were able to distin- 


CRUDE OIL 


years after the spill occurred. 
The NWRI team is currently test- 
ing this theory by matching dif- 
ferent samples of oil-contami- 
nated soils from around south- 
ern Ontario to their origins. 


Petroporphyrin analysis offers 
additional distinct advantages 
over other geomarkers 
that are either very bio- 
degradable or arise from 
multiple sources (includ- 
ing the atmosphere) 
which can lead to incon- 
clusive results. In con- 
trast, petroporphyrins 
are: “Unique? LOmeaut 
unrefined and some par- 
tially refined petrochemi- 
cals. The new technique 
is also much simpler than 
previous petroporphyrin 
analyses which required 
the difficult and time con- 
suming removal of the 
metals, , irom each 
porphyrin ring. 


Ultimately, a worldwide 
database of crude 
sources would allow a 
quick determination ofa 
spill’s origin by its chemi- 
cal fingerprint. 


"4.00. "2.00. . 
RETENTION TIME 


These almost identical petroporphyrin finger- 
prints allow scientists to match a sample of 
oil-contaminated soil from Petrolia, Ontario 
back to its source. 


guish between petroleum crudes 
from Alberta, the Northwest Ter- 
ritories ihe Bast Coase vile 
North Sea and Venezuela. 


Unlike many other compounds 
used: sin... these, psttdres. 
petroporphyrins break down 
very slowly in the environment. 
This means that oil spills can be 
matched to their sources even 


[ee 
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PARTNERS IN RESEARCH: 
Canada-Germany workshop at NWRI 


ver the past decades, Canada and Germany have devel- 
GC) oped world-class expertise in specific areas of environ- 

mental and aquatic research and its applications. NWRI 
hosted a Strategic Planning Workshop from April 5-7 to enhance 
research partnerships between our two countries. 


The workshop, organized under the auspices of a Memorandum of 
Understanding signed by both countries in 1990, included del- 
egates from several German research institutes and Canadian 
participants from leading federal and university research centres, 
as well as three consulting companies. Intensive sessions in the 
areas of groundwater contamination and in situ bio-remediation, 
contaminated sediments, ecosystem health/ ecotoxicology, and 
urban ecosystems defined the common interests and research 
priorities, designated lead agencies and established mechanisms 
for effective information exchange and technology transfer. 


The workshop represents a new step in effectively pooling the 
expertise of both countries and continuing exchange of newly 
generated knowledge for the mutual benefit of the collaborating 
DALCQerS, 1 aa 


Contact: 
Dr. Jan Barica 
Dr. Robert Bisson 


New book on 
groundwater 


Learn various means of inter- 
preting groundwater contami- 
nation data in Groundwater Con- 
tamination and Analysis at Haz- 
ardous Waste Sites. Co-edited 
by Rivers Research Branch sci- 
entist Dr. Suzanne Lesage, this 
550-page reference describes in- 
vestigations into the fate of toxic 
chemicals emanating from haz- 
ardous waste sites and contami- 
nated groundwater. It discusses 
the hydrogeochemistry at U. S., 
Canadian, Australian, and Ger- 
man sites to reflect the different 
approaches used around the 
world. 


Copies may be obtained from: 
Marcel Dekker, Inc., 270 Madi- 
son, Avenue, (New York, (NY, 
100 16, tel: (212) 696-9000. Fed- 
eral employees should write to 
Suzanne Lesage, Rivers Re- 
search Branch, NWRI. 


NWARI receives UN designation 


he United Nations Environment Pro- 

: gramme (UNEP) has officially designated 

NWRI as the Global Environment Moni- 

toring System (GEMS) Collaborating Centre for 

Freshwater Quality Monitoring and Assessment. 

UNEP’s Executive Director, Elizabeth Dowdeswell, 

led the inauguration ceremonies 

at the Canada Centre for Inland 
Waters on April 8, 1993. 


The designation is the first of its 
kind for an non-UN facility and 
recognizes the long-standing ef- 
forts of NWRI and the Canadian 
government in the GEMS/Wa- 
ter Programme. GEMS/Water is the only program 
to address freshwater issues on a worldwide 
basis. Its goal is to improve water quality moni- 
toring and assessment capabilities in developing 
countries, thereby enhancing the abilities of these 
nations to manage their water resources. As part 
of Canada’s involvement in GEMS/Water, NWRI 
maintains the Global Data Centre which stores 
water quality information sent in regularly by 


countries participating in the programme. The 

Institute is also particularly active in the Pro- 

gramme’s implementation in Asia and Latin 

America. RAISON, an environmental information 

system developed at NWRI, was selected for use in 

GEMS/Water and is being installed in several 
countries. 


Canada is among the most [yn opening the Centre, 
vocal in insisting that 
monitoring be tied to the 
solution of real-world 
problems. 


Dowdeswell said there was an 
“enormous role for those who 
can take data out of the world 
of collection and into the world 
of real problems which need 
real solutions.” Canada is 
among the most vocal, she asserts, “in insisting 
that monitoring be tied to the solution of real- 
world problems.” UNEP’s designation comple- 
ments the World Health Organization’s designa- 
tion of the Institute as the Collaborating Centre 
for Surface and Ground Water Quality. —~=— 


Contact: 
Dr. Robert Bisson 
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New problems for Lake Erie? 


t seems that Lake Erie may never get a lucky break. First 
came the nutrient problems of the 1960s, when phosphorus 
loadings to the lake spurred excessive algal growth and 


threatened the stability of the Lake Erie fishery. The 1972 Canada- 
U.S. Great Lakes Water Quality Agreement (GLWQA) advocated 
actions which successfully reversed the trend towards increasing 
phosphorus loadings. Soon after, scientists recognized the threat 
from toxic chemicals. Once again, actions were begun to reduce or 
eliminate toxic chemicals under the GLWQA. Neither of these 
problems have gone away — they have only been improved or, in 
some cases, stabilized. Meanwhile, yet another force was proceed- 
ing unchecked to complicate the lake’s problems. 


New residents 


The introduction of non-native species into the Great Lakes began 
in the 1800s with carp, alewife and sea lamprey. There are now 139 
non-native species inhabiting the lakes, one-third of which have 
appeared in the last 30 years. At least 13 species cause significant 
ecological and economic damage. While the GLWQA was taking 
great strides in water quality, these invaders were quietly under- 
mining the stability, integrity and biodiversity of the Lake Erie 
ecosystem. 


Zebra mussels were first reported in Lake Erie during the late 
1980s. As with phosphorus reductions, the mussels also reduce 
the amounts of algae. They filter algae from the water both as free 
swimming juvenile larvae, and later as adults fastened to shallow 
areas of the lake bottom. 


Zebra mussels can filter enough algae to cause a marked increase 
in water clarity in some areas. While clarity is a cleanup goal in the 
Great Lakes, zebra mussels may consume enough algae to “starve” 
upper levels in the food chain, including certain species of fish. This 
is a serious concern because of the high value of the fishery in Lake 
Erie, estimated at over $500 million annually. The success of the 
fishery depends upon the type, quantity and edibility of the fish. 
Zebra mussels may threaten all of these aspects by altering the flow 
of energy and contaminants within the food chain. 


Canada 


Water clarity records from 1990 pro- 
vided some of the first signals that 
zebra mussels might be enhancing 
water transparency of some areas 
in the western basin. In other areas, 
however, water clarity remains simi- 
lar to values reported in the 1960s. 
Research is clearly needed to un- 
derstand the extent and variability 
of these effects and the relative con- 
tribution other complicating factors, 
such as nutrient load reductions. 


The role of these filter feeders on the 
fate of contaminants remains un- 
certain. The productivity of the lake 
may be one of its greatest natural 
defenses against the impacts of toxic 
chemical pollution. Scientists have 
proposed that the huge mass of 
biological material serves to “dilute” 
toxic contaminants within biota. 
What will be the consequences of a 
decrease in this material? Furthermore, will the 
increased concentration of toxic contaminants in 
zebra mussels inhibit the natural burial of these 
contaminants? Will changes in contaminant cy- 
cling result in contaminated fish? 


Much of the background research on zebra mus- 
sels has focussed on biology and mitigative meas- 
ures for industry. Recently, the federal govern- 
ment initiated new studies into the transfer of 
energy and contaminants within the lake’s food 
chain. Ontario agencies have also been active in 
determining the impacts of changing conditions 
on the fish community and water quality. But, 
with the current level of knowledge, it is impossi- 
ble at this stage to decide if there is a serious and 
urgent issue which demands government action. 
Recommendations to secure a sustainable re- 
source must be based on an assessment and 
understanding of the actual ecosystem impacts of 
zebra mussels and other invaders, in the context 
of previous impacts on the lake. 


Next steps 

The need for improved knowledge and the re- 
quirement to coordinate and integrate Canadian 
research activities was recognized at a two-day 
workshop organized by the Department of Fisher- 
ies and Oceans and held at the Canada Centre for 
Inland Waters in mid-September. Representa- 
tives from Environment Canada, the Department 
of Fisheries and Oceans, Ontario Ministry of 
Natural Resources, Ontario Ministry of Environ- 
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Secchi Depths in Western Lake Erie 
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Water clarity is assessed by measuring the depth to whicha 
white Secchi disk can be seen from a boat. 
unusually high readings have occurred at some locations. 


Since 1990, 


ment and Energy, and Ontario universities agreed 
to a list of priority issues requiring further re- 
search. 


NWRI scientists will focus their considerable back- 
ground and expertise in Lake Erie research to 
address specific issues. Some of the new or ex- 
panded NWRI studies for 1993 and planned for 
1994 will examine: 


4 the influence of zebra mussels on the fate of 
contaminants and nutrients within the lake eco- 
system; 

4 the impact of zebra mussels filtering on the 
entire Lake Erie basin; 

4 the effect of mussel larvae on water quality 
and contaminant fate; 

4 the impact of mussels on the oxygen situa- 
tion in the central and eastern basins; and 

¢ the alterations in species composition due 
to invasion of non-native organisms. 


As with other valuable resources, the continued 
conservation of Lake Erie requires strategic re- 
search to provide the context and knowledge for 
effective management decisions. The workshop 
represents the first step towards and integrated 
Canadian program to reveal the true situation in 
Lake Erie. Future efforts are planned to coordi- 
nate activities with U.S. agencies. 


Contact: 
Murray Charlton 


Applying science 


Air-conditioning scheme gets environmental OK 


n the long list of environ- 
mental taboos, one that ap- 
proaches the top is 
chlorofluorocarbon (CFC)-based 
air conditioning. Downtown To- 


ronto office buildings use over 


450 tonnes of CFC-11 and re- 
lease an estimated 45 tonnes 
each year to the atmospheg 
during routine maintenance a ic 
mishaps. : 


The ongoing phase-out of CFC 
production in Canada lends ur- 
gency to the search for environ 
mentally sensitive alternatives 
for coping with the summer hea 
Fortunately for Toronto, the city 
may be perched on the edge of 
its own natural cooling source - 
- Lake Ontario. The lake is 


huge reservoir of very cold wa- 
ter. Below 80 metres in dept 
the water temperature cor 
stantly hovers near 4°C. 


Recognizing the potential envi 


ronmental and economic ber 
efits, Toronto city planners e 
tablished a Deep Lake’ Wate 
Cooling Investigation Group. I 
mandate is to explore the feas 
bility of a facility that uses co 
lake water to cool downto 

Toronto and then pu t 


wa ackintot 


The group called in Lakes Re- 
search Branch scientists Farrell 
Boyce, Paul Hamblin and Bill 
Schertzer to study the physical 
effects of deep lake water cool- 


ing on Lake Ontario. Their team 
was completed by Dr. Danny ~ 


Harvey, a climatologist from the 
University of T oronto, and math- 
ematician: € cus McC Crimmon. 

t tists adap 


The scie sted a well 
established 1 compu ter model to | 
estimate the ie impact of the lake 
water cooling on the tempera- ? 
ture regime of the la ke. It con- 
firmed what they already sus- 
pected -- that the Toronto facil- 
ity would Rave a nfhigible im- 
pact on such a huge and natu- 
rally variable body of water. Even 
when global warming and mod- 
erate expansion are Considered, 
the lake remains relatively un- 
changed by the deep lake water 
cooling scheme. While the cool- 
ing resource is not infinite, it 
seems adequate to service not 
only Toronto, but other urban 
centres on the lake 


Other stu 
investigat 
ecological “sound 
scheme. One study 
SOlper'ce 


es instig 
n group 


ted by the 
test tole 
sss” of the 
alculated a 
the elec- 


tricity required for cooling. That 
translates into reduced costs 
and a decreased reliance on fos- 
sil fuel-powered generating sta- 
tions. The warmed water could 
also be treated and used to an- 
swer growing demands for mu- 
nicipal water supplies. Other 


_ schemes have been proposed to 
. improve the quality of Toronto 
. Harbour with clean water dis- 
a charged from the cooling sys- 


tem. 


The cooling facility awaits final 


_ approval and will undergo a for- 
- mal environmental assessment 


and review process before in- 


M., Hamblin, P.F., Harvey, 
gertzer, W.M. and R.C. 
non, 1993. Response of 
structure of Lake Ontario 
ooling withdrawals and to 
ing. TheJournalof Great 
search, 19(3):603-616. 
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Maintaining biodiversity: 
Scientists look for clues to missing eels 


In 1985, over 850 000 American eels swam up the St. Lawrence River. That number has since 
plummeted by 98 per cent, troubling both commercial fishermen and 
environmental scientists. 


It’s mid-July, and American eels(Anguilla rostrata) 
swim up the eel ladder built across the Cornwall 
dam on the St. Lawrence River. The dam marks 
the finish line for their long trek from the Sargasso 
Sea, where they will eventually return to spawn 
and die. 


Beyond the dam are frus- 
trated commercial fish- 
ermen. Eight years ago, 
more than 850 000 eels 
climbed the ladder to 
stock the eel fishery of 
Lake Ontario. The num- 
bers have since dropped 
by over 98 per cent. This 
year, less than 1 OOO 
have succeeded in climb- 
ing the dam and there 
are reports of fewer com- 
mercial-sized eels. 


Dr. Peter Hodson of NWRI’s Rivers Research 
Branch is seeking to unravel the mystery. He is 
evaluating several proposed causes for the de- 
cline in eels, which include habitat destruction, 
chemical contamination, overfishing and oceanic 
climate change. But every clue seems to pose new 
questions, leading Dr. Hodson to suspect that a 
combination of factors may be at work. 


Chemical contaminants 


Deformities and periodic eel kills prompted Dr. 
Hodson to question pollution as a possible cause 
for the decline in eel numbers. 


Surprisingly, his studies revealed that contami- 
nant levels in eels have dropped significantly over 
the last decade. Only 36 per cent of the eels 
analyzed in 1990 exceeded fish guidelines for 
polychlorinated biphenyls (PCBs), as compared 
to 80 per cent in 1982. He also noted downward 
trends in mirex and other pesticides, except 
dieldrin. Concentrations of polynuclear aromatic 
hydrocarbons (PAHs), dioxins and furans were 
usually less than detection limits and well within 
all guidelines. 
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The results seem to rule out a contamination 
problem, but Dr. Hodson maintains that the 
decline in eels could be a delayed reaction to 
historic pollution. To understand the time delay 
requires a short course in the life history of the 
American eel. 


From the time they are 
born in the Sargasso 
Sea until they are one 
year old, the juvenile 
eels are adapted toa 
marine environment. 
During this time they 
begin to migrate to- 
wards North American 
coastal streams. To- 
wards the end of the 
first year, the eels be- 
gin to arrive; first in 
estuaries and then in 
freshwater. Between 
their third and fourth year, the eels will pass the 
Cornwall dam and remain in freshwater lakes and 
streams for about 12 years. Between 12 and 16 
years of age, the eels begin the long journey back 
to the Sargasso Sea to spawn in salt water. 
Compelled by the instinct to return home, the eels 
quit feeding and rely entirely on body fat for 
energy. 
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A very skinny eel finally arrives in the Sargasso 
Sea, and the contaminants that were once diluted 
in fat are now concentrated in muscle and eggs. 
This may reduce the fitness and survival of their 
offspring. If so, the decline in the current eel 
population may be partly due to pollution experi- 
enced by their parents during their sojourn in the 
Great Lakes/St. Lawrence Seaway prior to 1988 
when contaminant levels were higher. 


Multiple factors 


While contaminants may play a role, they are 
probably not the sole cause of the eel problem. A 
single, concrete explanation to the eel mystery 
continues to elude researchers. 


The Quebec Ministry of Recreational Fish and 
Game created a working group to help put to- 
gether the pieces of the puzzle. The group in- 
cludes Dr. Hodson and researchers from various 
agencies concerned about this commercially and 
ecologically important species. The scientists are 
pooling their knowledge to outline the research 
that will resolve the issue. 


While at a European Inland Fisheries Advisory 
Commission meeting in Poland during May, Dr. 
Hodson remarked that the decline in the Ameri- 
can eel parallels that of its close cousin, the 
European eel (Anguilla anguilla). American and 
European eels share spawning grounds in the 
Sargasso Sea, but migrate to different freshwater 
bodies to continue their life cycle. There is only 
one major difference in their mutual decline - the 
European eel population seems to have bottomed 
out, while the American eel continues to decline. 


Coincidence? Maybe not. Other agencies are in- 
vestigating whether a common element, such as 
oceanic temperature, may be affecting both 
populations. Dr. Hodson will investigate the com- 
bined effect of habitat destruction and chemical 
contaminants, with particular emphasis on the 
high dieldrin levels observed in his earlier studies. 


Contact: 

Dr. Peter Hodson 

Reference: 

Hodson, P., Castonguay, M., Couillard, C.M., Desjardins, 
C., Pelletier, E., and R. McCleod, 1992. Spatial and 
temporal variations in chemical contamination of Ameri- 
can eels (Anguilla rostrata) captured in the estuary of 
the St. Lawrence River. Canadian Journal of Fisheries 
and Aquatic Science, (in press). 


Empowering communities to help themselves: 
Water tests a success in First Nations community 


out ever fearing for the quality of their 

water. But in isolated communities and 
developing countries, adequate drinking water 
quality monitoring is very difficult due to the 
scarcity of resources and technical expertise. 


M ost Canadians can turn on the tap with- 


Environment Canada researchers formed part 
of a nine-country, four-continent study to 
develop practical, easy-to-use methods which 
empower communities to assess the quality of 
their own drinking water supplies. Using these 
methods, Environment Canada developed a 
prototype project with the Split Lake Cree First 
Nation in northern Manitoba to safeguard their 
water quality. The project fostered a significant 
improvement in community health and new 
laboratory facilities are being built by the Split 
Lake Cree First Nation to support their contin- 
ued program. 


The success of the Split Lake project has 
spurred interest in adapting similar programs 
for other remote First Nation communities in 
Canada. Furthermore, broad application of 
methods in less developed countries would 
substantially reduce the number of deaths 
attributed to water-borne diseases, estimated 
at over 30 000 per day globally. To this end, 


the Split Lake community has agreed to assist 
in a similar pilot project for indigenous Chol- 
Chol Mapuche communities in Chile. 


The Split Lake project is a noteworthy achieve- 
ment for the two Environment Canada scien- 
tists who initiated the project. Barney Dutka of 
NWRI’s Rivers Research Branch, and Peter 
Seidl, who now works for the International 
Joint Commission, first surveyed the quality of 
recreational and potable waters within several 
remote aboriginal communities in northern 
Manitoba in 1987. Their results led them to 
investigate the suitability of employing simple, 
inexpensive and rapid microbial water quality 
tests in northern Canadian waters. In 1990, the 
International Development Research Centre 
(IDRC) initiated a project to transfer this tech- 
nology to the Split Lake Cree First Nation. 


The researchers tailored the water testing 
procedures for use by untrained community 
members with minimal equipment and sup- 
plies. They also assisted the Split Lake commu- 
nity to become self-sufficient in monitoring and 
controlling the bacteriological quality of their 
drinking and recreational waters. 
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Dutka and Seidl recently completed a report 
describing the success of the Split Lake pro- 
gram and a methods manual. The Split Cree 
First Nation endorsed the report and submitted 
it as’a final report to the IDRC... | 


Contact: 
Barney Dutka 


wo NWRI scientists walked 
T away with gold and silver 

medals from the First An- 
nual Celebration of Information 
Management Excellence in the 
Federal Government. The scien- 
tists were presented with their 
awards on September 13 at the 
Canadian Museum of Civiliza- 
tion in Hull, Quebec. 


The awards program, organized 
by Treasury Board and the pri- 
vate sector, recognizes those ex- 
traordinary people who are man- 
aging, influencing and shaping 
the federal information systems 
arena. The two NWRI medals 
represent half of the awards re- 
ceived by Environment Canada 
under the 18 award categories. 


Dr. David Lam 
Gold medalist 


Dr. David Lam, International 
Programs Group, won a gold 
medal in the category of Tech- 
nology Pioneers/Risk Takers. 
The award recognizes Dr. Lam’s 
success in using information 
technology to improve the way 
that federal government does 
business. 


The Regional Analysis by Intelli- 
gent Systems on a Microcom- 
puter (RAISON) expert system is 
the brainchild of Dr. Lam. He 
recognized that commercial soft- 
ware is often inappropriate or 
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References: 


Seidl, P. and B.J. Dutka, 1993. Developing a self- 
sustained microbiological water quality testing 
capability in a remote aboriginal community. NWRI 
Contribution #93-124. 


Dutka, B.J. and P. Seidl, 1993. Procedures for 
microbiological testing of drinking and recreational 
waters in remote and isolated communities. NWRI 
Contribution #93-129. 


Scientists win federal 
information technology awards 


<..? 


inadequate for the particular 
needs of environmental applica- 
tions. His vision and insight led 
to the development of the 
RAISON software which merges 
environmentally relevant data- 
base technology with 
spreadsheet, graphics and mod- 
elling capabilities. The software 
continues to evolve and is now 
recognized as a unique piece of 
information technology in the 
global market place. Currently, 
Dr. Lam leads a team that is 
adding advanced features such 
as neural net technology and 
new database technologies. 


Dr. Ed Ongley 


Silver medalist 
Dr. Ed Ongley, Director of the 
International Programs Group, 
won a Silver medal in the cat- 


egory of Project Manager. This 
award is given to individuals 
who have adapted their role to 
excel in the new era of informa- 
tion technology. By winning the 
award, Dr. Ongley has demon- 
strated a well-rounded sense of 
mission, the ability to function 
effectively in teams from diverse 
backgrounds, exceptional busi- 
ness “savvy” and responsiveness 
to client needs. 


Dr. Ongley has managed the 
RAISON program since 1986. 
In addition to providing a scien- 
tific climate for research and 
development, he is mainly re- 
sponsible for negotiating con- 
tractual arrangements with cli- 
ents from both inside and out- 
side the federal government. 
Through the United Nations 
water program, he has provided 
international visibility for Envi- 
ronment Canada’s information 
technology programs and se- 
cured significant market niches 
for RAISON. His efforts have 
closely linked Environment 
Canada with the private sector 
to enhance technology transfer 
and Canadian competitiveness 
overseas. ——z— 


Contact: 
Dr. Ed Ongley 
Dr. Dave Lam 


NWRI 
scientist elected 
as IAGLR president 


Dr. Michael Zarull, Lakes Research Branch, was recently 
elected as president for the International Association of Great 
Lakes Research (I[AGLR) for the 1993/1994 term. 


Dr. Zarull’s designation is a fitting tribute to his long involve- 
ment with the association and the Great Lakes. He presently 
serves as Great Lakes Officer to the Institute. He is heavily 
involved in the Great Lakes Remedial Action Plan program and 
recently co-edited the book Under Raps. Before coming to 
NWRI, Dr. Zarull worked for the International Joint Commis- 
sion and the Ontario Ministry of the Environment. 


Dr. Zarull is not the first NWRI scientist to hold this esteemed 
position. Since its inception in 1986, the Lakes Research 
Branch has been the source for three of the four Canadian 
IAGLR presidents, including Alena Mudroch and Dr. Klaus 


Kaiser. 


Scientists gear up for capping test 


Contaminated sediment is a 
major cleanup challenge at many 
Great Lakes areas of concern. 
Alex Zeman, Lakes Research 
Branch, leads a team of scien- 
tists who have designed a sedi- 
ment capping demonstration 
project for Hamilton Harbour. 


In a world of increasingly high- 
tech sediment treatment and 
removal techniques, capping 
represents a simple and 
inexpensive means to isolate 
contaminated, fine-grained 
sediments. The technique uses 
a layer of environmentally neu- 
tral material as a barrier be- 
tween pollutants and the aquatic 
environment. The choice of cap- 
ping material is dependent upon 
site conditions. 


For Zeman, the demonstration 


represents the culmination of 
years of research and design. It 
is scheduled to take place next 
year at a site off the harbour’s 
north shore where bottom 
sediments exhibit intermediate 
to high acute toxicity. A l ha 
area will be covered with a layer 
of sand approximately 50 cm 
deep that should prevent metal 
and organic contaminants from 
being released into the water 
column. The scientists are cur- 
rently monitoring conditions at 
the site to provide them with a 
“before” picture from which to 
measure the effectiveness of the 
technique. 


The project is supported by the 
Cleanup Fund and is applicable 
to other Great Lakes areas of 
concern. 


International 
symposium on 
municipal water 

treatment 


The 1993 International 
Symposium on Chemistry 
and Biology of Municipal 

Water Treatment will be held 
at the Canada Centre for 

Inland Waters, October 

24 - 29. 


The symposium aims to 
upgrade the knowledge of 
producers, regulators and 
users of municipal water 

with respect to current 

treatment technologies and 
the rapid advances that are 
taking place in measure- 
ment, risk assessment and 
the legislative framework in 
Canada and abroad. It will 
review state-of-the-art tech- 
nology and assess future 
trends in the drinking water 
industry. 


The symposium, sponsored 
by the Chemical Institute of 
Canada, is designed to bring 
together chemists, chemical 
engineers, biologists, chemi- 
cal technologists, managers 
and others who are involved 
in the drinking water indus- 
try. If you would like to 
attend the symposium, 
please call Dr. B.K. Afghan at 
(905) 336-4661. 


Contact: 

Alex Zeman 

Reference: 

Zeman, A.J., 1993. Subaqueous 
capping of very soft contaminated 
sediments. Proceedings of the 
Fourth Canadian Conference on 
Marine Geotechnical Engineering, St. 
John’s, Newfoundland 2: 598-609. 
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Biological sediment guidelines 

Reynoldson, T.B. and M.A. Zarull. 1993. An approach to the development of biological 
sediment guidelines. In: Ecological Integrity and the Management of Ecosystems. 
Woodley, S.J., Francis, G., and J. Kay, eds., St. Lucie Press, Delray Beach, Florida. 


This paper describes an alternate approach to environmental decision-making using 
biological rather than chemical endpoints to determine both the need for and the 
success of sediment remediation and cleanup undertaken in Great Lakes areas of 
concern. It demonstrates the development and application of criteria, and possible 
implications on remediation costs. 


Pulp mill tracers 
Comba, M.E., V. Palabrica and K.L.E. Kaiser. 1993. Volatile halocarbons as tracers of 
pulp mill effluent plumes. NWRI Contribution #93-29. 


This work uses volatile halocarbons in a pulp mill effluent, including chloroform, 
bromodichloromethane, tri- and tetrachloroethylene, as tracers for the distribution and 
movement of effluent currents in a receiving water bay on the north shore of Lake 
Superior. The results demonstrate the simplicity and usefulness of the technique and 
the significantly improved resolution of effluent plume delineation over conventional 
methods. 
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As a national institute, NWRI’s research activities span the 
entire length and breadth of Canada — from the Agassiz Ice 


AO Satan» Cap on Ellesmere Island to the Fraser River in British 
Qe ‘Ln Columbia to the Waterford River basin in Newfound- 
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a regions can have applications on a national 
(and sometimes international) scale. 


PACTFLE &@B YURON 
Developing biological guidelines 
for the Fraser River 


he rise of the ecosystem approach to envi- NWRIscientists Drs. Trefor Reynoldson and Kristin 

ronmental management demands that sci- Day are well known for their work on techniques 

entists develop new “tools” thatcanmeas-___ that use benthic invertebrates to measure ecosys- 
ure ecosystem health and guide the path of envi- tem health. They have found that these bottom- 
ronmental decision-making. Unfortunately, the dwelling organisms are a useful monitoring tool 
chemical measures used successfully in the past because they integrate effects in sediments and 
to achieve gross reductions in environmental the water column. With support from Environ- 
pollutants have proven singularly inadequate to mental Protection- Ontario Region and the Cleanup 
the task of monitoring the inherent variability in Fund, the two scientists have developed biological 
biological systems. sediment quality guidelines for the Laurentian 


Environment Environnement i+n 
ode Canada Canada Canada 


> effects of mining 


pollution on Jack of Clubs Lake in the Fraser River basin > improved methods to measure anti-sapstain contamination in water 


> sources of toxic contaminants to Lake Laberge > relationships between water quality and quantity 


Great Lakes that are based on a combination 
of toxicity testing and benthic invertebrate 
community structure monitoring. They will 
now be transferring this expertise to their 
next major research challenge— 
developing biological guidelines 

for the Fraser River Action Plan 

(FRAP). 


The four-year project will: 
‘> develop a network of refer- 
ence and monitoring stations; 
‘> identify appropriate vari- 
ables to be measured (including 
toxicity tests to be used in con- 
junction with community struc- 
ture analyses); 

‘> identify key species for on- 
going benthic community moni- 
toring; 

‘> outline a suitable monitoring strategy; 
and 

‘> define numeric targets for interpreting 


the state of the Fraser River ecosystem. 


Drs. Reynoldson and Day are developing the 
Benthic Assessment of Sediment computer 
model to help measure the need for, and the 
success of, remedial actions. The “BEAST”, 
as it is affectionately dubbed, is being devel- 


oped with support by Environmental Protec- 
tion-Ontario region and in conjunction with 
Dr. Dave Lam and researchers from the 
University of Western Ontario and the Uni- 
versity of Canberra, Australia. 


While originally designed for use 
in the Laurentian Great Lakes, 
Drs. Reynoldson and Day will be 
tailoring the model for use in the 
Fraser River. It will predict the 
characteristics of benthic com- 
munities at “clean” sites within 
the river and correlate this with 
toxicity tests that measure vari- 
ous stages of degradation from 
this state. Once FRAP decision- 
makers have defined how clean 
is clean enough, the model will 
provide them with numeric tar- 
gets to aim for. —z— 


Contact: 
Dr. Trefor Reynoldson 


Reference: 

Reynoldson, T.B., Bailey, R.C., Day, K.E. and R.H. 
Norris, 1994. Biological guidelines for freshwater sedi- 
ment based on Benthic Assessment of Sediment (the 
BEAST) using a multivariate approach for predicting 
biological state. Submitted to the Australian Journal of 


Ecology. 


PRALRLES & NORLUCRIN 
NWRI scientists tackle problems in 
northern rivers 


tretching across three provinces and 

one territory, the Peace, Athabasca and 

Slave river basins together form one of 
the most prominent hydrological features in 
Canada. The rivers are essential to sur- 
rounding communities in the Northwest Ter- 
ritories and northern Alberta, where they are 
used for drinking water, recreation, trans- 
portation and fishing. Recent years have 
witnessed growing development pressures 
within the basins, especially with regard toa 
thriving forest industry. Public concern over 
the long-term, cumulative effects of these 
developments led to the creation of the North- 
ern River Basins Study in 1991, led by Prai- 
ries and Northern Region. 
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Over the study’s four year lifespan, NWRI 
scientists will help assess the effects of devel- 
opment on these systems by contributing to 
a database on water quality and the aquatic 
environment. 


Contaminants 

Dr. John Carey, Director of the Rivers Re- 
search Branch, draws upon his extensive 
background in pulp mill research to lead the 
Contaminants Component of the Northern 
River Basins Study. This component ad- 
dresses concerns over the potential impact of 
pulp mill and industrial effluents on the 
aquatic ecosystem. 


orthern River Basins Stud 
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Over the next two years, the scientists will: 
‘> coordinate the activities of the Con- 
taminants Working Group (Dr. Brian 
Brownlee); 

‘> measure the biological toxicity of 
sediments to guide the development of eco- 
system objectives (Drs. Kristin Day and Trefor 
Reynoldson); 

> analyze historic patterns of contami- 
nation to differentiate between natural and 
industrial contaminant sources (Dr. Rick 
Bourbonniere); and 

‘> investigate substances that trigger de- 
toxification systems in fish and indicate ex- 
posure to pulp mill effluents (Drs. Peter 
Hodson, Kent Burnison, Bommanna 
Krishnappan). 


Synthesis and Modelling 

Dr. Brownlee also leads the Modelling Sub- 
Committee of the Contaminants Component 
which is working on contaminant fate and 
food chain modelling. These results will help 
develop the means to determine present ef- 
fects and predict future impacts of human 
development on the aquatic ecosystem. 


This predictive capability requires a thor- 
ough understanding of the natural physical 
and chemical features within each of the 
basins. Sediment flocculation (or “clump- 
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ing”) is one mechanism that largely influ- 
ences contaminant transport. Dr. 
Krishnappan is studying flocculation in the 
Athabasca River, towards the ultimate goal 
of predicting the transport of contaminants 
in the aquatic ecosystem. 


Hydraulics, Hydrology & Sediment 

Drs. Krishnappan and Spyros Beltaos are 
also members of this component (led by Dr. 
Terry Prowse of the National Hydrology Re- 
search Institute) and provide advice on river 
hydraulics and ice jams. 


Drinking Water Quality 

Drinking water quality is not only a measure 
of public health. It also takes into account 
aesthetic values such as taste and odour. 
Dr. Brownlee is involved in a multi-agency 
investigation into odour compounds down- 
stream of a pulp mill on the Athabasca River. 
A survey in March 1993 revealed that pulp 
mill odours were detectable in water re- 
trieved 950 km downstream from a pulp mill 
at Hinton, Alberta. The survey has been 
repeated this winter to reveal if these odours 
persist following recent process changes at 
the mill. 


Contact: 
Dr. Brian Brownlee 


> effects of global warming and UV-B on northern aquatic ecosystems > impact of atmospheric pollutants on the Arctic ecosystem 


‘> evaporation and heat exchange on Quill Lake, Saskatchewan (part of the Heat, Evaporation and Mass Transfer Experiment) 
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> regional groundwater flow and contaminant transport in Great Lakes areas 


of concern (AOCs) ‘> controlling ecosystem impacts of urban runoff > sediment capping and treatment in Great Lakes AOCs 


> effect of zebra mussels on Lake Erie ecosystem 


ON LARLO 
Climate change research program 
launched on Lake Erie 


ake Erie is the focus of a new NWRI 

research project aimed at predicting the 

impact of climate change on the quality 
of Canadian waters. The project forms one 
component of the Great Lakes-St. Lawrence 
Basin Project — a three-year, multi-agency 
assessment of the impact of climate variabil- 
ity and change in water management, land 
use management, and human/ecosystem 
health. This project is led by the Atmospheric 
Environment Service and funded under the 
federal Green Plan. 


Why focus on Lake Erie? There are several 
reasons. Erie is the shallowest of the five 
Great Lakes and, consequently, its physical, 
chemical and biological components are very 
sensitive to changes in weather and climate. 
The lake also has a history of environmental 
problems (e.g., hypolimnetic anoxia, exces- 
sive algae and cladophora growth, zebra 
mussel invasion, etc.) that may be influenced 
by climate. Finally, Lake Erie is an invaluable 
economic and recreational resource, and as 
such, any lakewide changes would have wide- 
spread socioeconomic ramifications. 


William Schertzer, Lakes Research Branch, 
heads the scientific team looking into adap- 
tive strategies for climate-related changes in 
Lake Erie water quality. 


Schertzer and his colleagues will use NWRI’s 
Water Quality Model for Lake Erie and roughly 
4O years of monitoring data to describe the 
physical and water quality conditions of the 
lake (e.g., water temperature, thermal strati- 
fication, nutrient conditions, dissolved oxy- 
gen concentrations, etc.) under current lev- 
els of atmospheric carbon dioxide and heat 
fluxes. The model will then be used to 
recalculate these conditions based on cli- 
mate scenarios derived from the Canada 
Climate Centre’s Global Climate Model II. 


The model’s results will be used by other 
government agencies to predict the socioeco- 
nomic impacts of climate change, including 
its effects on Great Lakes sport and commer- 
cial fisheries, the quality and availability of 
drinking water, and recreational uses. Ulti- 
mately, the team will formulate adaptive 
strategies to deal with these upcoming 
changes. —=z— 


Contact: 
W. Schertzer 


Reference: 

Schertzer, W.M. and A.M. Sawchuk, 1990. Thermal 
structure of the lower Great Lakes in a warm year: 
Implications for the occurrences of hypolimnion anoxia. 
Transactions of the American Fisheries Society 119: 195- 
209. 


uc oee 
Searching for links between 
contaminants and belugas 


he St. Lawrence estuary and adjacent 
waters of the Gulf of the St. Lawrence 
are home to a small, isolated colony of 


E 


beluga whales (Delphinapterus leucas). Com- 
mercial hunting earlier in the century re- 
duced the numbers of these placid white 
giants to a few hundred animals — a trauma 
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from which they have never really recovered. 
The prevailing theory holds that contami- 
nants from the Great Lakes/St. Lawrence 
system,,. such, 4S. mercury, = ead: 
polychlorinated biphenyls (PCBs), mirex and 
dichlorodipheny] trichloroethane (DDT), may 
be responsible for this delayed recovery. If 


so, then it is important to 
understand where these 
chemical sources originate, 
how they behave in the eco- 
system and how their ef- 
fects can be mitigated. 


Unfortunately, little was 
known about the sources, 
fate and transport of or- 
ganic contaminants in the 
St. Lawrence River prior to 
1985. The impact of Lake 
Ontario (the main hydrody- 
namic force accounting for 
60 per cent of the river’s 
flow) was thought to be mini- 
mal since most contami- 
nants were expected to set- 
tle to the lake bottom before 
reaching the estuary. 


But in 1985, Lakes Re- 
search Branch scientists 
Mike Comba and Dr. Klaus Kaiser made a 
disturbing discovery. The scientists were 
working in collaboration with staff from the 
National Wildlife Research Centre to develop 
a mass budget for mirex — a pesticide and 
fire retardant that was manufactured in 
Niagara Falls prior to 1976. The scientists 
determined that roughly 25 per cent of mirex 
in Lake Ontario had been transported down 
the St. Lawrence River. In fact, mirex was 
detected as far away as the Laurentian 
Trough, some 1500 km downstream from its 
major source in the Niagara River! 


This discovery led to an investigation into the 
processes that govern contaminant fate and 
interactions in the Great Lakes/St. Law- 
rence ecosystem. The scientists found that 
most organochlorine contaminants spend 
less than five years in the St. Lawrence River 
before being flushed into the Gulf of St. 
Lawrence. Their calculations also revealed 
that contaminant loadings to the River from 
Lake Ontario have dropped by 30 to 90 per 
cent between 1985 and 1990. If contami- 
nants are slowing the recovery of the beluga 
whales, then this may be a good sign for their 
long-term stability. However, while Lake 
Ontario is the main source of water for the St. 
Lawrence, it is not necessarily theonly source 
of contaminants to the estuary. In fact, 
overall contaminant loadings of chlordane 
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and DDT showed no distinct tendency toward 
lowered inputs. 


How are these contaminants entering the 
food chain? Previously, scientists believed 
that the upper St. Lawrence estuary could be 
a sink for contaminants. In this area, a dense, 
salt water “wedge” intruding from the Atlantic 
Ocean encounters the river water, creating a 
zone of high turbidity where fine sediments 
(and their associated contaminants) are 
trapped and resuspended in the water col- 
umn. 


However, a study by Lakes Research Branch 
scientists Drs. John Coakley and Elmer Nagy 
showed that the upper estuary doesn’t “trap” 
the sediments (and their associated contami- 
nants) for very long. Working in partnership 
with researchers from Laval University, they 
found that the oldest sediments in the upper 
estuary were still less than 35 years old and 
were relatively less contaminated than 
sediments upstream in Lake Ontario and Lac 
Saint-Pierre. Instead of remaining in the up- 
per estuary, the majority of the sediments are 
apparently flushed out at regular intervals 
and transported to the Gulf of St. Lawrence. 


Scientific attention has now turned to the 
highly productive lower estuary near the 
Laurentian Trough. Contaminant concen- 


> impact of acid rain on sensitive aquatic ecosys- 


tems > effects of frazil ice on hydroelectric generation > occurrence of textile dyes, PCBs and pesticides in the Yamaska River 


> impacts and causes of eel declines in the St. Lawrence River basin 
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‘> Groundwater research, including: 1) analysis of naturally occurring manganese contamination in the Fredericton aquifer, New 


Brunswick; 2) the study of pesticide contamination of groundwater beneath potato fields in P.E.I.; and 3) development of a formal 


agreement with University of New Brunswick to foster groundwater research in the Maritime provinces 


trations are low in this area as well; how- 
ever, the estuarine food chain seems to be 
extremely effective at scavenging nutrients 
and contaminants from the water. Comba 
and Dr. Kaiser found bioaccumulation fac- 
tors of mirex in fish at 10° and in belugas at 
108. In other words, the concentration of 
some contaminants in belugas were up to 
100 million times that of water. The scien- 
tists will soon be analyzing contaminant 
data from the lower estuary to reveal pos- 
sible mechanisms for the entrance of these 
contaminants in the food chain. 


These studies, over almost a decade, area 
part of NWRI’s continuing contribution to 
the St. Lawrence Action Plan under leader- 
ship of Environment Canada’s Quebec Re- 
gion. 


Contact: 

Dr. John Coakley 
Mike Comba 

Dr. Klaus Kaiser 
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ALLAN LLC 
Ice jam information summarized 


iver ice jams have avariety of social, 
economic and environmental im- 
pacts. Flooding, damage to struc- 


tures, interference with navigation and 
hydro-power production occur in Canada 
each winter and spring, causing losses of 
$50 to 100 million annually. Moreover, ice 
jams are an important factor in ecosystem 
balance. Changes to the ice jamming re- 
gime of a river may have serious ecological 
implications. Atlantic Canada is perhaps 
the most seriously affected region in the 
country, owing to a combination of hydro- 
logic, climatic and demographic factors 
that increase the frequency and impact of 
ice jams. The Saint John River is a famous 
case in point. 


Until recently, ice jams were regarded as 
natural events that must be passively en- 
dured. In the past few decades, however, 
research and engineering have contributed 
greatly to our understanding of these events. 
While there are still unknowns, many ice- 
jam related problems can now be solved or 
mitigated. However, relevant information 
is scattered in many different sources, such 
as journals, reports and conference pro- 
ceedings. 


To remedy this situation, the Canadian 
Committee on River Ice Processes and the 
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Environment sponsored the preparation of 
a monograph to consolidate current knowl- 
edge on ice jams. The monograph was 
produced through a Working Group, chaired 
by Dr. Spyros Beltaos of NWRI’s Rivers 
Research Branch. 


The nine chapters of the monograph pro- 
vide complete coverage on various issues, 
such as the impact of ice jams throughout 
Canada, river ice and jamming processes, 
theoretical developments, numerical and 
physical modelling, mitigation methods, case 
studies, and field data collection require- 
ments and methods. Dr. Beltaos edited the 
monograph and authored two of the chap- 
ters. 


In the future, the focus of NWRI research on 
ice jams will expand to include research 
into the potential effects of climate warming 
on river ice and implications for ecosystem 
management. —»— 


Contact: 
Dr. Spyros Beltaos 


References: 
Beltaos, S., 1994. River Ice Jams (in press). 


Beltaos, S., 1988. Monograph on River Ice Jams. Chap- 
ter 3: Ice Jam Processes; and Chapter 4: Theory. NWRI 
Contribution 88-50. 
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National Lab merges with NWRI 


s of April 1, 1994, the 
A National Laboratory for 

Environmental Testing 
(NLET) is an official member of 
the NWRI team — adding ana- 
lytical “firepower” to the Insti- 
tute’s aquatic ecosystem re- 
search. 


NLET is one of a group of Envi- 
ronment Canada’s laboratories 
that provide critical scientific 
measurements in support of de- 
partmental programs. With a 
staff of 40 professional and tech- 
nical personnel, NLET offers a 
broad range of analytical test- 
ing capabilities. 


NLET’s modern facilities, located 
at the Canada Centre for Inland 
Waters, house an arsenal of 
sophisticated instrumentation 
capable of providing reliable 
measurements to extremely low 
levels of detection. Tests range 
from traditional lake chemistry 
characterization to ultra-trace 
measurement of toxic metals 
and organic contaminants in 
waters, sediments and tissues. 
The work of NLET supports the 
department's programs in all 
five regions, with limited serv- 
ices being extended to other 
government departments on a 
cost-recovery basis. 


With the advent of competitive 
private sector analytical capa- 
bility, the role of NLET and other 
governmental laboratories has 
evolved considerably. The labs 
are aggressively networked to 
provide a powerful tool to help 
deliver sound and credible sci- 
ence. This entails development 
and testing of new analytical 


procedures in anticipation of 
emerging issues and transfer of 


the new capabil- 
ity into the pri- 
vate sector. Itre- 
flects a subtle 
shift from being 
the provider of 
data to ensuring 
data contributed 
in support of de- 
partmental sci- 
ence meets ap- 
propriate federal 
standards. 


NLET 


Successful sci- 
ence cannot be 
achieved in iso- 
lation. NLET 
maintains vigorous and produc- 
tive ties with laboratories in the 
departmental network, Cana- 
dian universities, the private 
sector, the U.S. Environmental 
Protection Agency and the U.S. 
Geological Survey. This fosters 
teamwork in delivering sound 
scientific data and allows the 
federal laboratory to influence 
external programs. The new or- 


uses an 
arsenal of 
ticated 


ganizational link to the NWRI 
will further enhance these ob- 
jectives and activities. 


NLET is currently or- 
ganized into three sec- 
tions. The main body 
of staff forms the Ana- 
lytical Chemistry Sec- 
tion, responsible prima- 
rily for providing the 
measurements. The 
Program Development 
and Operational Sup- 
port Section provides 
objective quality man- 
agement, total 
informatics support, 
and fulfils the complex 
and demanding client 
liaison functions. The Research 
Support and Methods Section 
bridges the gap between re- 
search and operational program 
delivery. Together, these sections 
become the operational science 
arm of NWRI. 


Contact: 
Robin Sampson 
Director, NLET 


Scientist Wins Sverdrup Award 


Dr. Mark Donelan, Research and Applications Branch, has been 
named the 1994 recipient of the American Meteorological Soci- 
ety’s Sverdrup Gold Medal Award. Dr. Donelan received the 
medal on January 26 at the annual meeting of the American 
Meteorological Society in Nashville, Tennessee. 


The Sverdrup Gold Medal is granted to researchers who make 
outstanding contributions to the scientific knowledge of interac- 


tions between the oceans and the atmosphere. 


therawara 


recognizes Dr. Donelan’s “numerous contributions to the under- 
standing of the physics of ocean surface waves.” 
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| CAtLL FOR ABS TRACTS 


and International Conference on Environmental Fate and 
Effects of Bleached Pulp Mill Effluents 


The 2™ International Conference on Environmental Fate and Effects of 
Bleached Pulp Effluents will be held at the Hotel Vancouver in 
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“Progress is impossible without change; 
and those who cannot change their minds 
cannot change anything.” 


— George Bernard Shaw 


As part of the strategic response of the Ecosystem 
Conservation Directorate to Environment Canada’s 
new corporate directions, NWRI has just undergone 
a major restructuring. The initial step has been the 
merging of the National Laboratory for Environmen- 
tal Testing (NLET) with NWRI. This merger will 
strengthen the science contributions to NWRI’s part- 
nerships with the regions in delivering the “flagships” 
and other priority programs. It will also permit greater 
efficiency in the transfer of analytical services and 
methods development within Environment Canada. 


NWRI had been organized into flexible, 
multidisciplinary, issue-based research projects 
seven years ago. However, to effectively align our 
aquatic ecosystem R&D with the Department's 
longer-term requirements for sustainable develop- 
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ment, research priorities had to be redirected. The 
new projects represent a balancing of many factors, 
including critical mass for new priorities, skills mix, 
compatibility of expertise, opportunities for redirect- 
ing staffresearch, and the potential for research part- 
nerships and revenue generation. As described later 
in this issue, the new projects have been grouped 
into four branches based on program themes and 
workload balance. 


Initial reaction to the realignment has been very posi- 
tive. Research effort on emerging issues, such as 
ecological effects of increased UVB, persistent toxic 
substances and climate change, has been intensi- 
fied, while the R&D focus of long-standing issues, 
such as Great Lakes water quality, has been sharp- 
ened. I am confident that the new structure will 
strengthen NWRI’s contribution to the sustainable 
development goals of Environment Canada. 


R.J. Daley 
Executive Director 
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Aquatic Ecosystem Conservation Branch 


(AECB) conducts research on methods to con- 
serve the health and sustainability of aquatic eco- 
systems. Its main activities include: 

e assessing changes in aquatic ecosystems result- 
ing from stressors ranging in scale from point 
source discharges to global scale changes; 

e developing early warning indicators of ecosystem 
change; 

e producing information concerning the sources of 
ecosystem impacts and the information base upon 
which mitigative measures can be developed; and 

e developing new approaches and methods for as- 
sessing aquatic ecosystem health and establish- 
ing ecosystem objectives. 

AECB is organized into three distinct projects: River 
Basin Impacts, Atmospheric Change Impacts and 
Ecosystem Health Assessment. 


Ts Aquatic Ecosystem Conservation Branch 


River Basin Impacts 


What are the ecosystem level effects occurring as a re- 
sult of atmospherically transported contaminants? 
What is the rate at which changes are occurring? What 
will be the magnitude of the changes should no man- 
agement occur? How can contaminant sources be iden- 
tified? How fast and to what extent will the system 
respond to control actions? 


This project conducts research into the basin-scale ef- 
fects resulting from the atmospheric transport of con- 
taminants. Since these stressors often originate far 
from their sites of impact, the results of this research 
are important in providing the knowledge necessary to 
undertake multi-lateral negotiations and reach agree- 
ment for appropriate corrective actions. Research 
focusses on regional ecosystem scale with significant 
LRTAP-related activities across Canada, particularly in 
eastern Canada and the Arctic. 


Atmospheric Change impacts 


What are the aquatic impacts of UV-B increases and 
global climate change? How can the sources be con- 
trolled? Can strategies be developed to minimize the 
extent of impacts on Canadian ecosystems prior to full- 
scale international controls? 


This project assesses the nature and extent of global- 
scale changes such as climate change and ozone de- 
pletion on aquatic ecosystems. It focusses on 
sustainability of aquatic ecosystems and aquatic effects 
of climate change and UV-B in the face of anticipated 
atmospheric changes resulting from fossil fuel combus- 
tion, chlorinated solvent release and other human ac- 
tivities. 


BLACK LIQUOR DILUTION CURVE 


Rainbow trout liver enzymes 
(EROD activity) increase with ex- 
posure to various concentrations 
of black liquor. Normal enzyme 
levels (water) are low and increase 
in response to inducing chemicals 
such as B-naphthoflavone (BNF). 
Exposure to black liquor from a 
pulp mill causes a similar increase 


in enzymes. 
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Ecosystem Health Assessment 


How can the effect of human activities be identified at 
the ecosystem level? What are the appropriate indica- 
tors for assessing ecosystem health? How can they be 
used to develop aquatic ecosystem objectives? 


This project assesses the health, structure and func- 
tion of aquatic ecosystems impacted by local human 


activities. In co-operation with other agencies, it con- 
tributes to major conservation issues such as sustain- 
able forestry. The focus is on (i) methods of conserving 
biodiversity, (ii) identifying and controlling the aquatic 
impacts of nationally important industries, and (iii) de- 
veloping indicators of ecosystem health and function 
for use in national programs. 


Aquatic Ecosystem Protection Branch 


Photo: Jiri Marsalek 


Overall view of the Kingston Township stormwater management pond 


develops detailed knowledge and understand- 

ing of the behaviour and impacts of priority pol- 
lutants to support informed environmental decision 
making and sustainable management practices. Stud- 
ies focus on chemicals that are identified as priorities 
under the Canadian Environmental Protection Act (CEPA) 
and the Pest Control Products Act (PCPA). A strong 
emphasis is also placed on regional “flagships” (e.g., 
Great Lakes 2000, Fraser River Action Plan and North- 
ern River Basins Study), pollution prevention and eco- 
system sustainability. 


T he Aquatic Ecosystem Protection Branch (AEPB) 


AEPB is composed of three projects: Priority Sub- 
stances, Contaminant Pathways and Controls, and 
Environmental Standards and Statistics. Activities 
include: 


¢ identifying patterns of behaviour of priority toxic 
substances in aquatic environments; 

e providing information for Priority Substance List 
assessments under CEPA; 

e assessing the impact of non-point source pollut- 
ants on aquatic ecosystems; 

¢ determining the role of suspended sediment in the 
riverine transport of toxic substances; 


¢ ensuring the integrity of environmental data by 
implementing appropriate analytical quality con- 
trol; and 
e enhancing interpretive information through the use 
of statistics and environmetrics. 


Priority Substances 


What are the sources, pathways, fate and effects of pri- 
ority toxic substances in aquatic ecosystems? 


This project provides strategic knowledge and expert 
advice on the behaviour of toxic chemicals in the envi- 
ronment. Emphasis is placed on providing appropri- 
ate scientific information to support environmental 
decision-making under (i) CEPA and PCPA, (ii) virtual 
elimination, (iii) pollution prevention, (iv) sustainable 
development, and (v) ecosystem indicators. 


Contaminant Pathways and Controls 


How do chemical pollutants from non-point sources 
migrate through the aquatic environment? What are 
their impacts on the ecosystem? What control options 
exist? 
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This project conducts research and develops sustain- 
able strategies for aquatic ecosystems subject to non— 
point source agricultural, forestry, industrial and ur- 
ban stressors. Research focusses on (i) generating 
ecosystem-based knowledge of non-point sources of 
water pollution, (ii) understanding its behaviour and 
impacts on riverine ecosystems, and (iii) developing 
management measures for preventing and remediating 
these impacts. 


Environmental Standards and Statistics 


What statistical approaches and quality management 
measures should be incorporated into data collection 


to ensure that regulatory and other end-user require- 
ments are met? How can environmetrics be used to 
enhance the interpretation of environmental data sets? 


This project helps to ensure that meaningful and reli- 
able environmental data are collected for effective and 
economic regulatory compliance monitoring, impact as- 
sessments, trend monitoring and research. The focus 
is on water quality management support to (i) flagship 
programs, (ii) federal/provincial water quality agree- 
ments, (iii) acid rain programs, and (iv) CEPA regula- 
tory requirements. 


Aquatic Ecosystem Restoration Branch 


he Aquatic Ecosystem Restoration Branch (AERB) 

( provides the knowledge necessary to restore de- 

graded ecosystems to a level that can be perma- 

nently sustained through conservation and protection. 

Restoration can occur naturally, but often nature needs 

a helping hand to reduce ecological stressors such as 

high contaminant levels or poor management practices. 

AERB assesses degraded aquatic ecosystems to support 

decisions on control measures to determine the extent to 
which nature can be relied upon to clean itself. 


ag Tachseae 


Schematic drawing of hypothetical landscape showing various 
sources of contamination and other causes of environmental 
degradation (open pit mine, underground mine, tailings pond, 
smelter, sewage treatment plant, landfill or dump site, reser- 
voir, dam, and electric power station). Arrows indicate routes 
of contaminant transport and migration into surface water 
sediments and groundwater. 
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AERB is broken down into three projects: Groundwater 
Remediation, Lake Remediation and Sediment 
Remediation. Activities include: 
e assessing aquatic ecosystem health, stability and 
sustainability; 
* creating indicators of ecosystem health and recov- 
ery; 
¢ devising water quality, ecosystem health and 
sustainability objectives and guidelines; 
¢ producing information for State of the Environment 
reports; and 
¢ originating, proposing and implementing mitigation 
measures or remedial techniques at degraded sites. 


Groundwater Remediation 


What are the impacts of human activity on Canadian 
groundwater? How can these effects be remediated? 


This project conducts research to assess and remediate 
degraded groundwater. Activities are focussed on (i) fed- 
erally owned sites, (ii) sites with transboundary interna- 
tional and inter-provincial degradation, and (iii) sites 
where federal research assistance is sought. 


Lake Remediation 
What is the health of specific lake ecosystems and re- 
lated bodies of water? What causes the degradation? What 
remediation and restoration options exist? How can we 
track progress towards ecosystem health and 
sustainability goals? 


This project conducts research to assess and remediate 
lake ecosystems, with emphasis on (i) developing and 
implementing Remedial Action Plans for the Great Lakes’ 
Areas of Concern, (ii) Lake Management Plans for the 
lower lakes Erie and Ontario, and (iii) sustainable devel- 
opment in the Great Lakes basin in general. 


Sediment Remediation 

What are the effects of sediment-associated contaminants 
in aquatic ecosystems and how can these effects be con- 
trolled, mitigated or remediated? 


This project assesses methods for remediating degraded 
The degradation of 


sediments in aquatic ecosystems. 


sediments may be ongoing or historical and related to a 
variety of activities such as steel making, pesticide use, 
Sewage disposal and mining activities. Emphasis is placed 
on highly stressed sites, such as those located adjacent 
to major industries. 


New Technologies Research Branch 


n cooperation with outside partners, the New 
Technologies Research Branch (NTRB) invest- 
igates selected new technologies that are critical 
to Environment Canada’s priorities and which have far- 
reaching value to Canadian competitiveness in the 
international marketplace. 


NTRB is composed of three projects: Environmental In- 
formation Technology, Aquatic Remediation Tech- 
nologies and the GEMS/Water Collaborating Centre. 


Activities include: 

¢ researching new technologies; 

¢ coordinating technology transfer and intellectual 
property; 

¢ delivering Environment Canada’s commitment to the 
United Nations Environment Programme’s Global 
Environmental Monitoring System for Freshwater 
(UNEP GEMS/Water); and 

e enhancing Canadian competitiveness. 


RAISON for Windows 


STATION: 


“Grand River Watershed Information ‘System 


Site Information - - [Grand River 


16018403702 


ST_NAME: Grand River 
SITE_DESCR: First concession toad downstrm of Bellwood Lake 


STARTDATE: 2/1/72 
END_DATE: 6/23/2007 
NORTHING: 4841323.1 
EASTING: 552838.10065 
fergus bmp 


PICTURE: 
DOCUMENT: 


Discharge Stations 


« Vater Quality Stations 


Display: D.C.L. Lam 


Example from the RAISON/WINDOWS system for the Grand River Watershed Study undertaken in cooperation 
with the University of Waterloo Tri-Council Eco-Research Project. From left, a map of the watershed showing 
discharge and water quality stations, information about a selected site, and a photograph of the site. 
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Environmental Information Technology 


In this communication age, Environment Canada will be 
judged by its ability to collect, integrate, interpret and 
disseminate complex environmental information. Re- 
search within this project focusses primarily on decision— 
support capabilities using knowledge-based systems and 
neural network technologies. These bring physico—chemi- 
cal and socio-economic sciences together in order to sim- 
plify the task of developing policy options and of manag- 
ing complex environmental issues. 


The RAISON family of environmental information (EI) 
products is part of a global information technology (IT) 
market estimated at one to two trillion dollars. RAISON 
is now being distributed worldwide under licence by the 
UN water program and has achieved visibility in a large 
market audience in Latin America, Europe and Asia. 
NWRI has joined forces in a university and industry part- 
nership to develop next-generation EI technologies for 
use within the department and for export. RAISON tech- 
nology is a central component of a basin management 
software being produced by the University of Waterloo. 


Aquatic Remediation Technologies 


Dredging of contaminated sediments from harbours, lakes 
and rivers carries environmental risks. It is now so 


expensive that public agencies are looking for more cost- 
effective alternatives. Research within this project 
focusses on enhancing natural remediation processes to 
reduce the toxicity of highly contaminated bottom 
sediments and avoid the need for dredging. Research is 
also carried out to improve the understanding of the im- 
portance of the role of sediments and particulate matter 
in the transport and fate of environmental contaminants 
in aquatic ecosystems. 


GEMS/Water Collaborating Centre 


In much of the world, freshwater has become the key 
limiting factor for sustainable development. Canada as- 
sists the global effort through NWRI serving as a UNEP 
Collaborating Centre for the implementation of GEMS/ 
Water. NWRI has prime responsibility for the operation 
and maintenance of the global data base developed from 
water quality monitoring data submitted by countries 
participating in the GEMS/Water programme. NWRI also 
plays a lead role in the implementation of GEMS/Water 
in Latin America, Asia and the Pacific. Other activities 
under this project include (i) provision of scientific ad- 
vice and assistance to various UN agencies active in 
water-related programmes and (ii) representation of the 
GEMS/Water programme at international meetings. 


National Laboratory for Environmental Testing 


(NLET) contributes to the development and appli- 

cation of sound, science-based knowledge for bal- 
anced and effective ecosystem management. In short, 
this involves providing chemical and biological measure- 
ments in support of a range of departmental programs 
and projects. NLET operates within the confines of a 
departmentally defined role — a unique niche — appro- 
priate to a public sector laboratory. It responds to the 
question, «How can one ensure science-based activities 
are adequately and effectively supported with reliable in- 
formation derived from environmental measurements?» 


T he National Laboratory for Environmental Testing 


To fulfil its mission and role, NLET is organized into three 
discrete sections: Program Development and Opera- 
tional Support, Research Support and Methods De- 
velopment, and Analytical Chemistry. 


NLET’s main activities include: 


¢ participating in program planning for client groups, 
particularly in the development of data quality ob- 
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jectives, and managing contracted analytical serv- 
ices on behalf of client agencies; 

e developing analytical techniques and associated per- 
formance-based specifications for reliable, cost- 
effective measurements in support of client testing 
requirements; 

e maintaining adequate in-house capability to ensure 
programs meet required quality standards; 

e assisting client groups through on-site support for 
field activities and data interpretation; 

¢ providing expert testimony in litigations resulting 
from departmental regulatory activities; 

e networking within the departments while access- 
ing the full range of measurement services avail- 
able nationally; 

e developing and exporting measurement technolo- 
gies to private sector laboratories; and 

¢ supporting and promoting the Canadian Associa- 
tion of Environmental Analytical Laboratories 
(CAEAL) to strengthen the environmental labora- 
tory industry. 


Program Development and Operational 
Support (PDOS) 


PDOS provides client management support, including 
project planning, resource allocation and related liaison 
services, covering a range of activities essential to en- 
sure NLET outputs serve the intended purpose. It also 
dispenses management services to NLET such as an ob- 
jective assessment of performance and efficacy of cor- 
rective actions for identified deficiencies. PDOS man- 
ages all informatics activities, including the development 
and maintenance of a modern responsive laboratory in- 
formation management system (LIMS). 


Research Support and Methods Development 


This project bridges the technology transfer gap between 
the R&D stage and the operational utility in a produc- 
tion environment as well as between the federal labora- 
tory and the private sector laboratory. Recognizing that 
education plays a fundamental role in research, the 
project also nourishes ties with academic institutions on 


NATIONAL LABORATORY FOR 
ENVIRONMENTAL TESTING 
(NLET) 


a continuing basis to promote technology and informa- 
tion interchange. It also ensures that NLET maintains 
the “leading edge” of technological capability, position- 
ing the laboratory to respond effectively to tomorrow’s 
problems rather than remaining focussed on those of yes- 
terday. 


Analytical Chemistry 


This group makes up the heart of NLET, providing a broad 
range of high quality measurement capability to client 
agencies. It carries out inorganic and organic chemical 
testing for a broad range of constituents in waters, 
sediments and tissue, while using a comprehensive pro- 
gram of quality control, assurance and assessment to 
erisure that measurements meet prescribed specifica- 
tions. The project also develops and tests laboratory 
protocols, standard operating procedures, and methods 
of analysis and quality control. It also maintains ongo- 
ing accreditation through an external adjudicator 
(CAEAL). 


SCIENCE & TECHNOLOGY: 
ENVIRONMENT CANADA 
SCIENCE COMMITTEE 


PRIVATE SECTOR 
LABORATORIES 


RELATED SCIENCE ACTIVITIES 
MEASUREMENT 


R&D 
INSTITUTES 


UNIVERSITIES 
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OBITUARY / Alfred S.Y. Chau 


Alfred S.Y. Chau, Chief, Quality Assurance Project, Research and Applications 
Branch, National Water Research Institute, Canada Centre for Inland Waters, 
passed away in Burlington on May 24, 1994. He was 52. 


Born in Hong Kong, Mr. Chau came to Canada in 1958 to study at the 
University of British Columbia. After receiving his M.Sc. from Carleton 
University, he worked as a pesticide residue chemist for Agriculture Canada 
before joining Environment Canada in Burlington in 1970. 


Respect for Alfred Chau’s work was global. He chaired international 
conferences, authored four books and over 100 papers, and his name appeared 
in 23 books of international recognition. These included Who’s Who in the 
World, Personalities of Americas, International Who’s Who of Contemporary 
Achievement and International Who’s Who of Intellectuals. 


Mr. Chau was also a nationally acclaimed wildlife artist. His paintings of 
wildlife in natural settings are in many collections, including the Dofasco 
Canadian Art Collection, Carleton University and the Hiram Walker Art 
Collection. 


Mr. Chau, known by his friends as Alfie, is survived by his wife Linda, his son 
Andrew, his mother Sue Chong Chau and his brother Douglas Chau of Calgary. 


Editor-In-Chief 
Dr. Janet Cooley 


Science Writer 


; Vik Peck 
NWRI Digest is the public newsletter of the National 


Water Research Institute, Canada’s largest freshwater 
research establishment. The Institute conducts a com- 
prehensive program of research and development in the 
aquatic sciences which it undertakes in partnership with 
water management agencies and water science com- 
munities in Canada and around the world. Our re- 
search creates knowledge and develops expertise on 
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ake Erie first came to the attention 
of the media some thirty years ago 
with dramatic headlines like “Lake 
, Erie is dead.” Intensive research at 
CCIW in the sixties and seventies 
identified a phosphorus loading problem that 
spawned excess algal growth and threatened 
the Lake Erie fishery. A link between research 
and policy led to the 1972 Canada/U.S. Great 
Lakes Water Quality Agreement, advocating 
actions that in turn successfully reversed the 
trend towards increased phosphorus loadings. 
Through the resulting phosphorus reduction, 
the world’s largest commercial freshwater 
fishery was established in Lake Erie. 
In issue 18 of the Digest, pub- 
lished in the summer of 1993, we 
highlighted the emerging problem 
of the zebra mussel invasion of 
Lake Erie. In this article we reported 
on the proliferation of zebra mussels 
which occurred in the late eighties, proba- 
bly as a result of the discharge of ballast 
water from a transoceanic vessel in Lake St. 
Clair in 1986. Other studies showed that by 
1990 this species had colonized most hard 
surfaces in the lake. Fortunately, fish were still 
available then. Perhaps surprisingly, walleye 
continued to spawn on shoals with mussel 
concentrations as high as 200,000 per square 
metre. Evidence from core-research undertak- 
en at CCIW, however, was warning of possible 
pronounced changes to the ecosystem— 
namely effects of zebra mussels on fate of 
contaminants, nutrients and oxygen, and 
alterations in species composition. Further- 
more a second related species, the “quagga 
mussel,” had also emerged on the scene. 


The intent of this special Lake Erie issue | 


clarifying current zebra mussel effect on the 
ecosystem and our ability to predict their 
future impacts. The articles also provide an 
opportunity to introduce some of NWRI’s 
partners and report on 
the results that are 
becoming evident. 
The Lake Erie 
initiative 
is very 


interesting 
in itself as.a 
successful, practical 
application of multidisci- 

plinary ecosystem research in the 
pursuit of solutions to secure sustainability of 
an ecosystem. The articles demonstrate how 
multidisciplinary teams and consortia have 
bridged the gaps among agencies and 
between sectors — government and university 
— to undertake complementary research 
towards a common goal: a sustainable Lake 
Erie. Space constraints have limited the num- 
ber of stories — there is much more to tell. 
Plans are in place to collect further informa- 
tion this year and combine forces to resolve 
this ecosystem puzzle. & 


Janet K. Cooley 
Editor 
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Changes to Nutrient 
and Contaminant Cycling 


urray Charlton of the Lake 
Remediation Project (Aquatic 
Ecosystem Restoration Branch) 
has collaborated with federal 
government scientists and univer- 
sity researchers, particularly GLURF recipients, 
to ascertain changes in nutrient and contami- 
nant cycling that are attributable to the 
preponderance of zebra mussels. During the 
recent field season, Charlton’s team have 
undertaken six water quality surveys of three 
basins, in cooperation with IWD Ontario 
Region and DFO. The survey results will be 
compared with earlier data to determine 
recent lake changes. A report describing 
nutrients, chlorophyll and water transparency 
in the lake in 1994 will then be prepared and 
used in the development of the Lake Erie 
Lakewide Management Plan (LaMP). 
Charlton deployed sediment traps at four 
sites in each of the three basins. The sediment 
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traps will be collected this year and will provide 
a means to compare current fluxes in organic 
matter with those determined by Charlton prio: 
to the zebra mussel invasion. The samples will 
also be analyzed for contaminants. 

In August 1994, Charlton conducted 
surveys of the western basin to determine 
the impact of zebra mussels on water clarity. 
Secchi disks, a dredge and a fluorometer were 
used to establish the correlation between 
water quality and the presence or absence 
of zebra mussels. Results showed a large varia 
tion in Secchi disk transparency (see contour 
map this page) over the basin. Many of the 
dredge samples collected did not contain 
zebra mussels. 

Dr. John Coakley, a research scientist 
also in the Lake Remediation Project, and 
Dr. Glenn Brown, University of Toronto, 
collaborated with Charlton in an experiment 
to establish the relationship between zebra 
mussel druses (i.e., small 
colonies) and water quality. 
Sidescan sonar and under- 
water video pictures revealec 
a patchy distribution of 
mussels, explaining the 
inconsistencies of the dredge 
samples. Charlton intends 
to use remote sensing equip- 
ment, in partnership with 
other NWRI scientists, to 
develop ways of measuring 
the extent and duration of 
clean water events. 

The above information 
gives us only a snapshot of 
the current work. The table 
(see top of page 3) outlines 
the scope of the studies car- 
ried out in 1994. Once the 
analyses are complete, the 
work will provide baseline 
information on ecosystem 
impacts directly attributable 
to the mussel invasion. 
Many of the findings will be 
presented at the next IAGLR 
conference. = 


AERB 


PROJECTED EFFECT 


Modification of sedimenting particles. 
Increased net sedimentation. 
Modification of surface sediment. 


Lower concentration of algae in water 
column. 


More P export from west basin or more 
P retention in sediments; effects on 
central and east basins. 


Warming due to more light penetration. 


Less turbidity. 


Altered DO problem — better? worse? 
Altered thermocline depressions of oxy- 
gen in east basin. Change in west basin? 


Altered nutrient concentrations. 


Altered benthos — accelerated 
recovery of Hexagenia mayflies. 


Altered nutrient flux from lake 
bottom. 


Microplankton: Changes induced by fish 
introductions as in Lake Ontario? Extent 
of mussel coverage. 


RESEARCH STUDY 


Deploy sediment traps — compare with previous 
NWRI data. 


Measure chlorophyll — compare with previous 
NWRI data and expectations from GLWQA. 
Complete counts of algae in historic samples. 


Measure TP and SRP in west and central basin 
exchange areas — mass balance to detect changes 
— potential impacts to toxic fate. 


Temperature profiling. 


Turbidity profiling — Secchi measurements. 
Profiling — comparison with previous NWRI data. 


Sample water and compare with NWRI data and 
expectations to find degree and extent of change 
due to zebra mussels. 


Sample benthos and compare with historical 


records. Complete enumeration of samples on hand. 


Continue study of P retention capacity of sediment 
begun in 1980. 


Sample microplankton — compare with earlier data 


and Lake Ontario. Map pre-mussel sediment type — 


map present type and coverage with sidescan. 


RESULTS TO DATE 


Sediment traps installed and retrieved — samples being analyzed. 


Chlorophyll measured at 62 stations distributed in each basin. Many 
values seem similar to mid-1980s but strong reduction effects are seen in 
some parts of the west basin. Algal counts underway. 


Total P seems similar to mid-1980s so export is not expected to change but 
the form of P exported may have changed. Data under analysis may not be 
sufficient to answer question. 


Hundreds of temperature profiles collected. Data need analysis. 


Hundreds of turbidity measurements with electronic instruments and Secchi 
disk. About half of the west basin oa. to have some clearing effect since 
1990. Excellent clarity in much of the lake has existed since the mid-1980s. 


Oxygen measured with profiling apparatus. Scattered low readings were 
found but the majority were higher than usual due to the unusual thickness 
of the hypolimnion. Situation seems within expectations. 


Sampling conducted at 62 or more stations during 12 cruises. Many data 
are similar to the mid-1980s. ° 
Benthos sampled; analyses underway. 


Cores taken for analysis of phosphorus storage capacity. 


Sidescan sonar techniques tried. Dredge samples show very patchy distri- 
bution of mussels in west basin. Sidescan showed small rocky areas likely 
to be covered by mussels. Continue census of soft sediments. 


Lake Erie Contributions — 
Department of Fisheries and Oceans 


esearch scientists from the Great Lakes 

Laboratory for Fisheries & Aquatic 

Sciences (GLLFAS), Department of 

Fisheries and Oceans, survey approxi- 

mately 45 stations across Lake Erie 
twice a year, concentrating on the lower 
trophic levels, in an effort to understand spa- 
tial variability at different times of the year 
and to define regions of the lake. GLLFAS 
researchers focus on the seasonal dynamics of 
Lake Erie, as well as species composition and 
production, to determine the ecosystem 
response to changes and to the introduction of 
new species. Studies will feed into an ecosys- 
tem model of Lake Erie, focusing on whether 
or not the lake fishery is sustainable under the 
current conditions. 

The question of a sustainable fishery trans- 
lates into the energy availability in the Lake 
Erie ecosystem. There are a variety of different 
studies which contribute to the determination 
of energy. GLLFAS scientists monitor change 
in contaminant flow, phosphorus loadings and 
the rates of primary and secondary productivity. 
As part of the Lake Erie Trophic Transfer (LETT) 


study, researchers investigate the energy flow 
and production in benthos, phytoplankton 
and zooplankton, while measuring phospho- 
rus concentrations. As well, GLLFAS con- 
tributes to the development of bio-energetics 
models to advance understanding of the 
ecosystem as a whole. 

GLLFAS scientists represent another piece 
in the Lake Erie puzzle. As part of the public 
service, GLLFAS provides information about 
energy in the ecosystem and about current 
and potential constraints on the fishery. The 
Ontario Ministry of Natural Resources (OMNR), 
who is responsible for managing the lake 
fishery, must decide, with the public and 
industries, how to use the energy and how to 
apply the acquired knowledge about the lake. 
All Lake Erie stakeholders (i.e., public, sports 
fishery, commercial fishery, industry, university 
sector and government) contribute to making 
decisions and establishing priorities for sustain- 
ing the Lake Erie ecosystem. = 


Contact: Ora Johannsson or Scott Millard, 
GLLFAS 
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GLURF Award 
Recipients 


1994 


T.A. Abrajano 
Memorial University 
Isotopic ("?/2X) validation of models of 
polycyclic aromatic hydrocarbon sources 
in Lake Erie adjacent ecosystems 


P.G.C. Campbell 
Université du Québec 
Trace metal cycling in 

pelagic waters of Lake Erie: 
rate of picoplankton and influence 
of grazing by microzooplankton 


H.C. Duthie 
University of Waterloo 
Long Point wetlands: formation history 
and response to climate change and 
Lake Erie water levels 


G.D. Haffner 
University of Windsor 
Energy flow and contaminant dynamics 
in the Lake Erie ecosystem 


B. Kueper 
Queen’s University 
Mass loading of immiscible liquids 
from contaminated groundwater 
systems to open water bodies 


M.R. Lowen 
University of Toronto 
Benthic pelagic coupling in zebra 
mussel beds: assessing the impacts of 
an introduced species in Lake Erie 


A. Weersink 
University of Guelph 
Controlling agricultural water pollution 
under uncertainty 


GLURE 1994 


The Great Lakes University Research Fund (GLURF) was a four- 
year Environment Canada grant program intended to promote 
multidisciplinary ecosystem research and develop research partner- 
ships between universities and government agencies. Ongoing 
research at the Canada Centre for Inland Waters indicated rapid 
changes taking place in Lake Erie, so NWRI allocated the last year 
of GLURF as part of the effort to reassign resources to meet the 
lake’s immediate challenges. The fourth year of GLURE has been 
successful in bringing together a consortium involving over 40 
scientists to define problems in the Lake Erie ecosystem. 


he largest of the 
GLURF projects 
was led by Dr. 
Douglas Haffner 
from the 
University of Windsor’s 
Great Lakes Institute. 
Dr. Haffner coordinated 
the combined forces of 
several research groups 
to study energy flow and 
contaminant dynamics in 
the Lake Erie ecosystem. 
A comprehensive survey 
of Lake Erie was complet- 
ed in 1994 in a partner- 
ship of Environment 
Canada, Fisheries and 
Oceans and Canadian 
universities. The success 
of this partnership will 
result in a “snapshot” of 
Lake Erie trophic struc- 
ture, energy flow and 
contaminant dynamics. 
Dr. Haffner led a 
team which examined 
benthic/pelagic coupling, 
while his colleagues, Dr. 
Gary Sprules, University 
of Toronto, and Dr. W. 
Taylor, University of 
Waterloo, directed studies 
of energy flow dynamics 


and implemented the investigation of water 
column contaminant dynamics, respectively. 
Integration of the findings during 1995 will 
be achieved through workshops, conference 
sessions and the use of mathematical models. 
Dr. Sprules leads the team which quanti- 
fies energy flow in the Lake Erie food web. 
Extensive information was collected on the 
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spatial and temporal distribution of zoo- 


plankton and fish using a towed optical 
plankton counter and a dual-beam echo- 
sounder. The results are being combined with 
studies of fish population structure, zebra 
mussel effects and planktonic productivity 
and distribution to yield a picture of energy 
flow within the lake ecosystem. 

Dr. Taylor’s team determines water 
column dynamics, including estimating the 
importance of mesozooplankton and nano- 
plankton grazing, in a focused approach 
directly complementing Dr. Sprules’ surveys. 
Detailed analysis of productivity and grazing 
in pelagic biota will yield information on the 
relationship between food web structure and 
concentrations of hydrophobic contaminants 
(i.e., organochlorines). 

Dr. Haffner quantifies benthic/pelagic 
coupling and estimates the importance of these 
processes in regulating contaminant burdens in 
sport fish and fish-eating birds. Contaminant 
concentrations in various compartments (e.g., 
benthic invertebrates, benthic-feeding fish, 
plankton, forage fish, piscivores, fish-eating 
birds, macrophytes, archived cormorant eggs, 
etc.) are being analyzed to establish spatial 
distributions and contaminant dynamics. 
These are being supplemented with testing of 
genotoxicity, cytotoxicity, EROD induction and 
emergence of insects. 

Various hypotheses are being generated 
and tested within these apparent “shotgun” 
approaches. A major constraint in achieving 
general insights is the extent of spatial and 
temporal variability observed within the lake. 
As analyses are completed and the process 
of interpretation and synthesis takes place 
over the coming 2-3 months, the GLURF 
researchers will be developing the informa- 
tion upon which a lakewide management 
plan can be based. = 


Contact: Hague Vaughan, AECB 
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Acoustic Imagery Technology 


WRI scientists use acoustic imagery 
technology (i.e., sidescan sonar) to 
improve methods of quantifying 
the zebra mussel population in 
western Lake Erie. The sidescan 
technique visualizes objects, such as zebra 
mussels, by sound, not by light, thus magni- 


Organic Contaminants 
and Zebra Mussels 


he changes in Lake Erie attracted atten- 

tion when researchers observed shifts 

in animal populations and a dramatic 

change in water clarity. Michael Fox 

of the Aquatic Ecosystem Restoration 
Branch (AERB), who had been monitoring the 
presence of persistent manufactured organic 
compounds (e.g., organochlorines, pesticides, 
PCBs) in the lake, was especially concerned 
with how these significant changes would 
affect the distribution of contaminants. 

Working in collaboration with Trent 
University, Fox’s team of researchers and 
students collected large samples during 1994 
— in the spring, early summer and late sum- 
mer. The samples came from a transect of five 
stations in the western basin of Lake Erie. 
Zebra mussels prefer the shallow water of the 
western basin, and their abundance there had 
drastic effects on the community structure of 
the lake’s wildlife. Researchers filtered the 
extracted samples and kept the dissolved 
phase (after filtration) and the particles on 
the filters for each sample. 
Fox theorizes that filter-feeding zebra 


fying previous video efforts by a factor of 10. 
The sound source on the ship transmits ener- 
gy in a fan-shaped pattern on either side of 
the ship. The greater the amount on energy 
reflected back, the darker the image. = 


Contact: John Coakley, AERB 


Left: Sidescan 
imagery of bed- 
forms (ripples). 
Right: Close-up of 
similar bedforms 
imaged using a 
towed video 
recorder. Ripple 
crests appear to be 
preferential sites 
for zebra mussel 
colonization. 


mussels affect not only the amount and - 
nature of suspended solids, but also the dis- 
tribution of organic contaminants through 
the water, the suspended solids, the biological 
community and the bottom sediments. 

In this particular study, researchers will 
look at selected organic contaminants (some 
PCB congeners, pesticides and some other 
industrial organochlorine compounds) and 
compare the distribution of those contami- 
nants between the dissolved and particulate 
phases. The study encompasses data collected 
prior to the zebra mussel invasion and during 
the 1994 research program. The team will 
ascertain if zebra mussels intensify the 
process by which settling particles carry 
contaminants to the bottom. 

AERB researchers are beginning the first 
stage of analysis on the extracted samples. 
Fox anticipates the completion of a report on 
the study by the end of the year, including a 
summary and preliminary interpretations of 
the findings. = 


Contact: mike.fox@cciw.ca 
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PHOTO BY RON DERMOTT 


Left to right: 
Dreissena poly- 
morphs, normal 
zebra mussel, 
Marsden’s 
“Quagga “4 
mussel. 
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Zebra Mussel Studies 


in Lake Erie 


ecognizing the seriousness of the 
zebra mussel invasion of Lake Erie, 
scientists realized the need to assess 


the impacts of the species on the 

aquatic ecosystem. During the sum- 
mer of 1994, researchers from NWRI’s 
Aquatic Ecosystem Conservation Branch 
(AECB) and Aquatic Ecosystem Restoration 
Branch (AERB) examined physical data taken 


from Lake Erie as a component of a two-part 
study of the lake. 

One part of the research focused on wind 
and other surface meteorological variables, 
including solar radiation, at a central point in 
each of the lake’s three basins. Additionally, 
currents and water temperatures were mea- 
sured at two points in the vertical at each 
station. Data were collected continuously at 
10- to 20-minute intervals from May to 
September. 

AERB scientist Dr. Paul Hamblin led a uni- 
versity-based research team in the second part 
of the study that directly observed currents, 
waves and chlorophyll a profiles in the vicini- 
ty of an infested reef in the western basin 
over an intensive period of several weeks. 

Both field programs are currently in the 
data analysis phase. = 


Contact: paul.hamblin@cciw.ca 


Impact of Agricultural 
Pesticides on Coastal Wetlands 


oastal wetlands on the Canadian side 

of Lake Erie represent an important 

and unique ecosystem. There is a 

growing concern for the preservation 

of the ecosystem and for the protec- 
tion of the habitats provided for many plant 
and animal species. Alena Mudroch of the 
Aquatic Ecosystem Restoration Branch (AERB) is 
especially concerned about the potential danger 
to the wetlands from pesticides and nutrients 
from intense agricultural activities. 

Mudroch’s group at NWRI, in coopera- 
tion with Agriculture Canada, conducted a 
multidisciplinary study from 1992 to 1994, 
evaluating the distribution and transport of 
contaminants, particularly pesticides, from 
agricultural land into Lake Erie coastal 
wetlands. The ensuing report contains results 
from a part of the study which focused on 
temporal and spatial distribution of pesti- 
cides in water, suspended particulate matter 
and bottom sediments at selected streams in 
the vicinity of the wetlands. 

The study results indicated that pesticides 
were transported from surrounding creeks 


draining into the wetlands and the nearshore 
zone; the pesticides were carried mainly by 
water, with some transport by suspended 
particulate matter. The concentrations of 
pesticides in the bottom sediments showed a 
continuous transport of sediment-associated 
pesticides downstream into Lake Erie. 
Analyses detected alachlor, a pesticide ban- 
ned in 1989, in the suspended particulate 
matter at one of the sampling stations. The 
highest concentrations occurred between 
May and July, immediately following the 
pesticide application on the fields and the 
increased spring precipitation. 

Chronic exposure of the marsh and lake 
biota to these concentrations of pesticides, as 
well as the cumulative effect, continues to be 
a research focus as scientists and decision- 
makers evaluate the effects of pesticides 
released from agricultural activities on Lake 
Erie coastal marshes and nearshore area. = 


Contact: Alena Mudroch, AERB 


Reference: Bourgoin, B.P. (in memoriam), A. Mudroch and G. 
Garbai. 1995. Distribution of pesticides in streams and wetlands 
on the north shore of Lake Erie. NWRI Contribution No. 95-01. 


| Lake Erie Lakewide 
Management Plan (LaMP) 


In September, 1994, eighteen Canadian 
and U.S. agencies met in Chicago to initi- 
ate the process for developing a Lake Erie 
Lakewide Management Plan (LaMP). 
Following the example of other LaMPs 
already in operation, the Lake Erie LaMP 
focuses on protecting and restoring the 
lake’s valuable resources and uses, accord- 
ing to the guidelines of the Great Lakes 
Water Quality Agreement (GLWQA). This 
collaborative bi-national effort looks at cur- 
rent or potential environmental stressors 
such as the influx of critical pollutants and 
exotic species, and habitat loss. LaMP coor- 
dinators encourage cooperation with and 
contribution from the general public 
through a variety of public education and 
outreach programs. = 


Contact: Sandra George, Ontario 
Region, Environmental Conservation 
Branch 


anuary 5, 1995, Dr. John P. Giesy, 

Distinguished Professor of Fisheries and 

Wildlife, Michigan State University, pre- 

sented the 1994 NWRI Vollenweider lec- 

ture entitled “Polychlorinated Diaromatic 

Hydrocarbons in the Environment: 
Implications of Global Contamination.” 

Professor Giesy is an aquatic toxicologist 
with interests in many aspects of the field, 
including the fate and effects of potentially 
toxic compounds and elements. Ecotoxicology 
and wildlife toxicology are relatively new fields 
of endeavour. It remains difficult to establish 
cause-effect linkages between exposure of 
wildlife to synthetic compounds and observed 
population-level effects. Wildlife is exposed to 
a complex suite of contaminants, the relative 
composition of which changes spatially and 
temporally and with trophic level. 

Dr. Giesy currently studies the toxicity 
and reproductive effects of organic compounds 
on fish and fish-eating birds and mammals in 
the Great Lakes region. His work is closely 
linked with many of NWRI’s current research 
projects. 

NWRI established the Vollenweider 
Lectureship in Aquatic Sciences in 1988 in 


In the Spotlight... 


The wealth of data from Lake Erie, com- 
bined with NWRI’s success in modelling water 
quality, has been instrumental in the selection 
of this lake as a focus for research by the Task 
Force for Forecasting Environmental Change 
at the International Institute for Applied 
Systems Analysis (IIASA). Lake Erie has also 
been chosen as one component of the Great 
Lakes-St. Lawrence Basin Project (GLSLBP) and 
the Great Lakes 2000 investigation of preven- 
tion/mitigation of climate change impacts. = 


Contact: william.schertzer@cciw.ca 
david.lam@cciw.ca 


honour of Dr. Richard A. Vollenweider. The 
award is granted annually to an eminent fresh- 
water scientist who has made a significant 
contribution to the field of aquatic sciences. = 


Contact: janet.cooley@cciw.ca 


Dr. Ralph Daley 
(right), Executive 
Director of NWRI, 
presents the 1994 
Vollenweider award 
to Dr. John Giesy. 
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NWRI has developed a variety of 
specialized computer software 
packages of particular interest 
to environmental agencies, con- 
sulting firms, universities and 
industries. NWRI Software has 
been established to market and 
distribute the licensed and pub- 
lic domain software available 
from the Institute. Three soft- 
ware packages are currently 
available: RAISON, EXPRES and 
COMPUTOX”. 


® a powerful environmental 
information system accessed 
through a graphical interface 


@ an integrated, user-friendly 
setup designed for both 
scientists and decision- 
makers 


@ incorporates database, 
spreadsheet, models, GIS 
and expert systems 


H@ imports data, text, graphics, 
etc., and performs advanced 
environmental analysis, 
synthesis and prediction 


is in the 
Environmental 

Software 

Business 


@ data integration and man- 
agement, data analysis and 
display in the context of local 
geography 

RAISON has been adopted 

by the United Nations for the 

Global Environmental 

Monitoring System (GEMS) for 

freshwater management. 


H@ an expert system which 
enables quick assessment 
of the potential for ground- 
water contamination due to 
pesticide usage 


NWRI So Htware 


Log ictel’s - INRE 


@ combines pesticide simulation 
and screening models, exten- 
sive geographical and pesti- 
cide databases, contaminant 
hydrogeology and a data 
management system 


@ uses a text and graphically 
based user-system interface 


COMPUTOX™: | | 


@ a unique spreadsheet type 
toxicity database containing 
acute and sub-chronic 
toxicity data on an estimated 
2400 chemicals 


@ compatible with commercially 
available software 


@ permits the data to be readily 
analyzed, sorted, extracted, 
combined, graphed and 
manipulated 


™@ searches by name, CAS 
number, RTECS number, 
chemical formula, molecular 
weight, or by any combina- 
tion of up to 30 structural 
descriptors 


For further information and ordering, contact: 
NWRI Software, CCIW, Burlington Fax: (905) 336-4430 E-mail: nwri.software@cciw.ca 


NWRI Digest is the public newsletter of the National Water Research Institute, 
Canada’s largest freshwater research establishment. The Institute conducts a 
comprehensive program of research and development in the aquatic sciences, 
which it undertakes in partnership with water management agencies and water 
science communities in Canada and around the world. This research creates 
knowledge and develops expertise on water quality issues important for sustain- 
able water resource use and the preservation of freshwater ecosystems. 


Ven Suggestions, comments and further enquiries concerning 
“Ay, NWAI Digest are welcomed. Articles may be reprinted 
: upon permission from the editor. Please write to: 


Editor, NWRI Digest 
National Water Research Institute 
| 6 Canada Centre for Inlarid Waters 
s 867 Lakeshore Road, P.O. Box 5050 
Burlington, Ontario, Canada L7R 4A6 
E-mail: janet.cooley@cciw.ca 
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